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Abstract
A detailed study of the fire and life safety systems in the General Purpose Laboratory at the Lawrence Berkeley
National Laboratory was performed. The prescriptive and performance-based methods for fire and life safety
requirements were analyzed in accordance with the applicable codes. The prescriptive items examined
included the egress capacities, fire suppression systems, fire detection and notification systems, and structural
construction requirements. The performance-based models utilized studied fire growth and its impact on the
fire suppression systems as well as time to egress for the occupants. The General Purpose Laboratory was
found to be compliant with the prescriptive requirements in having more than adequate egress capacities,
sound fire suppression and detection systems, and correct building construction. The performance-based
models validate the prescriptive requirements by showing that a worst-case fire model scenario in a laboratory
will still maintain tenable conditions after 15 minutes. Additionally, the egress model showed that all 614
occupants were able to exit the building after 14 minutes, including pre-movement time, even with one egress
blocked. The results of this study are significant because it proves the building can permit safe occupancy. This
allows the scientists of the Lawrence Berkeley National Laboratory to perform their work and innovate
scientific breakthroughs, without concern for their safety.
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Introduction
The GPL at LBNL is a 43,000 square foot, three story facility supporting laboratory and computational research.
Construction was completed in 2014. The GPL houses flexible lab facilities for the Department of Energy and is
designed to host a wide range of modern research needs, from solar cell experiments to nanotechnology
advancements. Several LBNL divisions occupy the GPL, including Physical Biosciences, Life Sciences, and the
Solar Energy Research Center. The GPL was designed to accommodate any of the laboratory requirements at
the GPL and the spaces will be reassigned over time.
The objective of this report is to determine if the GPL is in compliance with all codes and if it is safe for
occupancy. The first part of this report will analyze the prescriptive requirements set forth by the applicable
codes. These represent the minimum provisions that are vital to the life safety of the people inside. The items
examined will include the egress, fire suppression systems, fire detection and notification systems, and
structural integrity of the building. The second half of the report will look at the performance-based design
criteria, which helps validate the prescriptive requirements and may also justify alternative measures.
Specifically, two computer simulations will be performed to model the fire growth of an acetone fire in a lab
and to predict the time it takes the occupants to exit the building. The goal of the performance-based analysis
is to determine if the life safety systems are sufficient enough to ensure the occupants will be able to egress
safely in the event of a worst-case scenario fire.
The overall site map is shown in Figure 1. The LBNL is a 183-acre facility that houses 76 buildings and is a
Department of Energy facility managed by the University of California. It is part of the National Laboratory
system that includes 17 total labs, such as Oakridge, Sandia, and Los Alamos. The LBNL performs unclassified
research ranging from increasing battery capacity to particle acceleration. The LBNL employs over 4,000
people and boasts 13 Nobel Prizes. Figure 2 shows the western side of the GPL. The walls are constructed of
glass as an architectural element to promote openness, and the cantilevered features on the second and third
floors are used to provide shade to decrease the amount of cooling used. The eastern side of the GPL can be
seen in Figure 3. The exterior cladding is made of metal with a reflective coating to reflect sunlight. The vertical
slats are provided to reduce cooling demand by shading the windows. The northern exterior is shown in Figure
4, showing the small atrium between the first and second floors. Figure 5 shows the northern interior stairwell
as seen from the second floor. This is an exit stairwell has 2-hour fire rated walls on the western and southern
walls, and the northern and eastern walls are on the exterior of the building. The GPL utilizes an open concept
floorplan where meetings can take place outside conference rooms, as seen in Figure 6.
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Figure 1: Map of LBNL, showing the GPL
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Figure 2: Western view of the GPL

Figure 3: Eastern view of the GPL
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Figure 4: Northern view of the GPL
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Figure 5: Northern interior stairwell

Figure 6: Open meeting area inside the GPL
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Applicable Codes
The applicable codes for the analysis of the GPL include NFPA 101, NFPA 13, NFPA 72, NFPA 25, National and
California Editions, CBC 2016 Edition, and CFC 2016 Edition. Because the LBNL receives funding from both the
State of California and Department of Energy, it must comply with both the national and state versions of the
codes. For this reason, the Fire Marshal’s Office makes the judgment call as the AHJ on how to apply the more
restrictive of the codes. These governing codes provide the basis for the fire and life safety analysis, which is
discussed in the rest of this report.

Life Safety Egress Analysis
Occupancy Classification
The GPL is classified as a Business Occupancy, according to NFPA 101 6.1.11.1 and 39.1.2. The occupancy of
the GPL consists mainly of office spaces, conference rooms, and laboratories. According to NFPA 101 Table
7.3.1.2, the occupant load factors are 100, 15, and 100 square feet per person respectively. Each floor is split
roughly evenly between laboratories and offices with a conference room and lobby on the north side of each
floor. The mechanical spaces are located on the third floor and the roof. The rooms and their uses are
identified in Figures 7-10 below:

Figure 7: First Floor Occupancy Areas
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Figure 8: Second Floor Occupancy Areas

Figure 9: Third Floor Occupancy Areas
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Figure 10: Roof Occupancy Areas

Occupant Loads
The occupant load for the GPL by floor is detailed in Table 1 below. Normally unoccupied areas, such as
mechanical rooms, closets, and restrooms are not included in the overall occupant load.
Table 1: Occupant Loads by Floor
Floor
1
2
3
Roof

Occupant Load
224
183
187
20

The occupant load for the GPL by room is detailed in Appendix A.

Egress Capacity
In accordance with NFPA 101 Table 7.3.3.1, the GPL stairways and doors have capacity factors of 0.3
inch/person and 0.2 in/person, respectively, as seen in Table 2 below.
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Table 2: NFPA 101 (2015 ed.) Table 7.3.3.1

Because the first floor occupants do not need to use the stairwells, the capacity is therefore the sum of the
capacities of the doors, which is 810. The capacities of the egress components of the first floor are in
compliance, as the maximum occupant load by area is 224. The egress capacity of the second and third floors
is limited by the stairways. Combined, the north and south stairways of the GPL have a capacity of 294 people.
This means the second and third floors have a capacity of 294 people. The capacities of the egress components
for the second and third floors are in compliance, as the maximum occupant loads by area are 183 and 187
people, respectively. The egress capacity of the roof is 170 people, as the stairway is the limiting factor. The
maximum occupant load of the roof is 20, which is in compliance with the egress capacity. There are no
stairwells that have a width of greater than 44 inches, therefore NFPA 101 7.3.3.2 does not apply. Table 3
shows the calculations of the capacities of the individual egress components.
Table 3: Component Capacity
Component
South stairway
North stairway
First floor main exit door
First floor north stairway door
First floor northwest
conference room door
First floor south stairway exit
door
First floor south exit door
Second floor north stairway
entrance door
Second floor south stairway
entrance door
Third floor north stairway
entrance door
Third floor south stairway
entrance door
Roof stairway entrance door

Effective Width
44”
44”
60”
34”
34”

Factor
0.3”/person
0.3”/person
0.2”/person
0.2”/person
0.2”/person

Capacity
44”/ 0.3”/person = 147 people
44”/ 0.3”/person = 147 people
60”/ 0.2”/person = 300 people
34”/ 0.2”/person = 170 people
34”/ 0.2”/person = 170 people

34”

0.2”/person

34”/ 0.2”/person = 170 people

34”
34”

0.2”/person
0.2”/person

34”/ 0.2”/person = 170 people
34”/ 0.2”/person = 170 people

34”

0.2”/person

34”/ 0.2”/person = 170 people

34”

0.2”/person

34”/ 0.2”/person = 170 people

34”

0.2”/person

34”/ 0.2”/person = 170 people

34”

0.2”/person

34”/ 0.2”/person = 170 people
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Number of Exits
The numbers of exits per floor are detailed in Table 4 below. Two exits per floor are required in accordance
with NFPA 7.4.1.1: The number of means of egress from any balcony, mezzanine, story, or portion thereof shall
be not less than two, except under one of the following conditions: (1) A single means of egress shall be
permitted where permitted in Chapters 11 through 43. (2) A single means of egress shall be permitted for a
mezzanine or balcony where the common path of travel limitations of Chapters 11 through 43 are met. The
roof is only required to have one exit because the common travel path is less than 100 feet, in accordance with
NFPA 101 39.2.4.2 and 39.2.5.3 All floors of the GPL have adequate number of exits. The first floor exits lead
directly to the public way.
Table 4: Number of Exits by Floor
Floor
1
2
3
Roof

Number of Exits
4
2
2
1

With the exception of Conference Room 106, all other office areas and conference rooms only require one exit
because the occupant load is less than 50, as they are not considered assembly occupancies, per NFPA 101
6.1.2.1. Conference Room 106 has an occupant load of 60, but has two exits, one leading directly to the public
way. All rooms have a sufficient number of exits.

Egress Arrangement
The exits for each floor of the GPL are shown in Figures 11-14 below. The exits are required to be separated by
at least one-third of the diagonal length of a fully sprinklered building. The diagonal length of the GPL is 154
feet, and one-third of the diagonal is approximately 50 feet. The distance between the northern and southern
exits is approximately 120 feet, which is in compliance with NFPA 101 7.5.1.3.3. The only room that requires
two exits, conference room 106, has a diagonal distance of 40 feet, and the separation distance between the
exits is 27 feet, which is also in compliance. The corridors in the GPL all lead directly to an exit, and there are
no dead-end corridors.
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Figure 11: First Floor Egress Arrangement

Figure 12: Second Floor Egress Arrangement
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Figure 13: Third Floor Egress Arrangement

Figure 14: Roof Egress Arrangement
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Fire Resistance
The GPL has two interior exit stairwells that are two-hour fire resistive rated. These stairwells are only required
to have a one-hour fire resistance rating, as they only connect three stories, complying with NFPA 101
7.1.3.2.1(1): The separation shall have a minimum 1-hour fire resistance rating where the exit connects three or
fewer stories. The walls are constructed with two 5/8” sheets of Type-X gypsum board on either side of the
wall and have 90-minute fire-rated doors leading into each floor. Additionally, the elevator and vertical shafts
have a two-hour fire resistance rating as required by NFPA 101 Table 8.3.4.2.
Because the GPL houses many laboratories that contain significant chemical storage and usage, additional fire
barriers have been constructed around certain control areas to increase the maximum allowable quantity
(MAQ) of hazardous materials. There are two control areas per floor separating the office spaces from the
laboratory spaces. The MAQ is significantly higher than the current usage, but the GPL was constructed to
ensure maximum flexibility of use.
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Exit Signage and Emergency Lighting
In accordance with NFPA 101 7.10.1.2.1, all exits in the GPL are marked with an illuminated exit sign.
Additionally, all access to exits not readily apparent are also marked with illuminated exit signs, complying
with NFPA 101 7.10.1.5.1. The greatest distance between exit signs in the exit access corridors is 50 feet, which
complies with NFPA 101 7.10.1.5.2, which establishes a maximum distance of 100 feet. There are several exit
signs on each floor that require directional arrows, complying with NFPA 101 7.10.2.1 and 7.10.6.2. All exit
signs are continuously and internally illuminated and have battery backup power, in accordance with NFPA
101 7.10.5.1 and 7.10.5.2.1.
In addition to the exit signage, the GPL is provided with “bug-eye” emergency lights in most areas. These lights
are provided with battery backup power, in accordance with NFPA 101 7.9.2.3. Emergency lighting is required
by NFPA 101 39.2.9.1(1), as the GPL is three stories in height.
The exit signs and emergency light locations are shown in Figures 15-18 below.
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Figure 15: First Floor Egress Lighting

Figure 16: Second Floor Egress Lighting
24

Figure 17: Third Floor Egress Lighting

Figure 18: Roof Egress Lighting
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Interior Finishes
In accordance with NFPA 101 7.1.4.1 and 39.3.3.2.1, all interior wall and ceiling finishes are classified as Class A
or B. Although NFPA 101 only requires Class A or B finishes in exits and exit access corridors, Class A or B
finishes are used throughout the building, regardless of location. Additionally, NFPA 101 7.1.4.2 requires that
all interior finishes in exit enclosures be at least a Class II classification. The GPL exit enclosures meet this
requirement for exit enclosure finishes. NFPA 101 10.2.8 allows a lower classification of interior finishes in
exits and exit enclosures due to the installation of a compliant sprinkler system; however, the GPL does not
reduce the classification of finishes because of the flexible nature of the occupancy and building. The higher
rating of the interior finishes increases the level of safety of the egress pathways, which is necessary due to
the increased pre-movement times of the occupants.

Movement Factors
Due to the sensitive nature of the scientific equipment and experiments performed at the GPL, many of the
occupants will delay their movement in the event of an emergency. For instance, a laser laboratory in the GPL
must be shut down properly in order for the occupants to exit safely. Additionally, the scientists will want to
save their work and take extra time to secure their experiments and shut down computers. Many occupants
will also gather their personal belongings before exiting. These factors will increase the pre-movement time
for the GPL.
To combat the increased pre-movement time for the occupants, the GPL has trained certain employees as
building managers (BM) and building emergency team (BET) members. Both the BM and BET are responsible
for sweeping their respective areas for stragglers and encouraging occupants to begin their exit as soon as
possible, similar to the floor wardens in the World Trade Center. The BET will guide the occupants to an
emergency assembly area for accountability and to await further instructions. The BM and BET have been
critical in reducing the pre-movement time in agreement with the SFPE Handbook which states that “The
speed with which occupants will respond to the fire alarm or other fire cues is largely dependent on their
status in the building and the behavior and instruction of staff and wardens” (SFPE 4th edition 3-362).
Additionally, the BET is issued high-visibility vests and identifying clothing, as “they need to wear distinctive
uniforms and show their authority through their behavior” (SFPE 4th edition 3-362).
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Evacuation Times
The first step to calculating the evacuation time is to calculate the effective width of each egress element. The
clear width of the egress element is not used, as people moving through the exits tend to create a clearance
between themselves and the edge of the element. This creates a boundary layer which must be subtracted
from the full width of the element. For doors and stairways, six inches are subtracted from each side, assuming
there are no handrails or other obstacles in the pathway. For corridors, eight inches are subtracted from each
side. The clear and effective widths of each component are shown in Table 5 below:
Table 5: Component Effective Widths
Component
South stairway
North stairway
First floor main exit door
First floor north stairway door
First floor northwest conference
room door
First floor south stairway exit
door
First floor south exit door
First floor exit corridor
Second floor north stairway
entrance door
Second floor south stairway
entrance door
Second floor exit corridor
Third floor north stairway
entrance door
Third floor south stairway
entrance door
Third floor exit corridor
Roof stairway entrance door

Clear Width (inches)
44”
44”
60”
34”
34”

Effective Width (inches)
32”
32”
48”
22”
22”

34”

22”

34”
60”
34”

22”
48”
22”

34”

22”

60”
34”

48”
22”

34”

22”

60”
34”

48”
22”

The next step is to find the maximum specific flow for each element, which can be found in Table 3-14.5 of the
SFPE Handbook. For doorways and corridors, the maximum specific flow is 24 persons per minute per foot of
effective width, while the maximum specific flow for a 7/11 stairway is 18.5 persons per minute per foot of
effective width. The calculated flow for each element is found by multiplying the maximum specific flow by the
effective width, the results of which can be found in Table 6 below:
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Table 6: Component Calculated Flow
Component

Effective width (inches)

Maximum specific flow
(persons/minute/ft
effective width)

Calculated flow
(persons per
minute)

South stairway
North stairway
First floor main exit door
First floor north stairway
door
First floor northwest
conference room door
First floor south stairway
exit door
First floor south exit door
First floor exit corridor
Second floor north
stairway entrance door
Second floor south
stairway entrance door
Second floor exit corridor
Third floor north stairway
entrance door
Third floor south stairway
entrance door
Third floor exit corridor
Roof stairway entrance
door

32”
32”
48”
22”

18.5
18.5
24
24

49
49
96
44

22”

24

44

22”

24

44

22”
48”
22”

24
24
24

44
96
44

22”

24

44

48”
22”

24
24

96
44

22”

24

44

48”
22”

24
24

96
44

The controlling element of egress is the element that can allow the fewest people to pass through at a time, as
queuing will occur. For the GPL, the controlling elements are the doors leading to the stairways, as they will
only allow 44 people to pass through per minute. The egress time for each element is determined by dividing
the occupant load by the calculated flow, and the results are shown in Table 7 below. It is assumed that half of
the occupants will use the north stairway and the other half will use the south stairway.
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Table 7: Component Egress Times
Component

Calculated flow
(persons per minute)

Occupant load (persons)

Egress time (minutes)

South stairway
North stairway
First floor main exit door
First floor north stairway
door
First floor northwest
conference room door
First floor south stairway
exit door
First floor south exit door
First floor exit corridor
Second floor north
stairway entrance door
Second floor south
stairway entrance door
Second floor exit corridor
Third floor north stairway
entrance door
Third floor south stairway
entrance door
Third floor exit corridor
Roof stairway entrance
door

49
49
96
44

92
92
150
92

1.9
1.9
1.6
2.1

44

60

1.4

44

92

2.1

44
96
44

82
112
92

1.9
1.2
2.1

44

92

2.1

96
44

92
94

0.96
2.2

44

94

2.2

96
44

94
20

0.96
0.5

The speed at which people will pass through the stairway can be modeled by the equation below:
S=k-akD
S represents the speed of travel, and k, a, and D are constants with values of 212, 2.86, and 0.175 respectively.
These values can be found in the SFPE Handbook Tables 3-13.2 and 3-13.3. The speed in which people move
through the stairway is therefore 106 feet per minute. Each floor is approximately 14 feet in height, and the
total distance traveled along the stairs is 26 feet, obtained by multiplying the height by a factor of 1.85, which
can be found in the SFPE Handbook Table 3-13.3. Dividing total travel distance along the stairs by the speed of
movement yields an additional egress time of 0.25 minutes. This is added to the time it takes for occupants to
exit the third floor, giving a total egress time of 2.45 minutes (2.2 minutes + 0.25 minutes).
Therefore, the total egress time from the GPL is approximately 2 minutes and 30 seconds. This does not take
into consideration pre-movement times and assumes that all occupants are familiar with their surroundings
and know where the exits are. It is also assumed there are no disabled occupants or occupants that require
special assistance.

Tenability
The goal of a tenability analysis is to ensure that the occupants of the GPL are able to evacuate the building
unharmed in the event of a fire. This will be accomplished by analyzing the time it takes for an incapacitating
29

dose of carbon monoxide (CO) to develop and for the smoke layer to reduce visibility enough to cause an
occupant to turn back. Additionally, the GPL houses some chemicals that may require additional analysis for
toxicity if burned.
For the GPL, there are four methods for tenability analysis based on NFPA 101 A.5.2.2. Method 1 sets detailed
performance criteria that ensures occupants are not incapacitated by the fire. This method will be used for the
GPL, as the authority having jurisdiction can make judgment calls based on the occupancy and hazardous
chemicals inside the building. Method 2 ensures that each room or area can be evacuated before the smoke
and toxic gas layers descends to below 6 feet above the floor. Because of the variety of visitors to the GPL,
Method 2 will be difficult to implement, as evacuation times for each occupant would not be readily known.
Method 3 provides a method for the smoke and toxic gas layers to be maintained at 6 feet above the floor in
any room. Method 3 will not work for the GPL, as it does not have a smoke control system. Method 4
determines that the fire effects will not reach any room. This is not feasible as the building is not built robustly
enough to prevent fires from reaching all rooms.
In the event of a fire, the smoke released will affect the actions of the occupants, including which exits they
choose and the decisions they make regarding the path of egress. Generally, as the density of the smoke
increases, the exiting speed of the occupant will decrease due to irritancy in the eyes and lungs as well as
decreased visibility. In order to aid occupants to reach the exits, the GPL has installed light-emitting exit signs,
which provide greater visibility and has a higher extinction coefficient than a light-reflecting sign.
In addition to carbon monoxide and smoke, other chemicals in the GPL may release other toxins that require
additional research into their effect on tenability. For instance, the GPL houses a significant amount of
chloroform, and will release other toxic chemicals in addition to carbon monoxide and smoke. These
hazardous chemicals will therefore need to be stored in protective environments, including gas cabinets or
flammable liquid storage cabinets, which will provide enhanced resistance to fires.

Egress Summary
The egress analysis shows that the GPL is compliant with the requirements set forth in the Life Safety Code and
the California Fire and Building Codes. The capacities of the egress components are greater than the occupant
load of each floor, ensuring that the occupants can exit without hindrance from the door or stairwell widths.
Additionally, there are a sufficient number of exits that are arranged correctly. The exit and emergency lighting
is also in compliance and will provide proper direction and enough illumination for the occupants to get to the
exits. The total egress time, based strictly on the distance and movement speeds is two minutes and thirty
seconds. Although the codes provide a solid baseline of egress analysis, a performance-based egress analysis is
performed later in this report in order to provide a more complete breakdown. This includes studying the premovement times and providing a computer model showing the time to exit. In addition to proper egress, the
water-based fire suppression systems help protect the occupants in the event of a fire.

Fire Suppression Systems
Water Supplies
Before construction of the GPL, the water supply system was tested using surrounding hydrants in September
2011. Testing the nearest hydrant revealed the following information in Table 8:
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Table 8: Hydrant flow test results
Test
Static Pressure
Residual Pressure
Flow
Elevation (hydrant and base of building)

Result
90 PSI
67 PSI
2050 GPM
920 feet

These results include a safety factor required by the LBNL Fire Marshal’s office, including seasonal fluctuations
and site water system characteristics. The site main water supply flows through a 12-inch main and the
building is supplied by a 6-inch fire-service connection. A 6-inch double check backflow assembly and fire
department connections (both using standard two-way FDCs and a “Storz” connection) are provided on the
south end of the GPL. Per LBNL construction standards, all piping is comprised of ductile iron. In addition to
the water main, the LBNL campus has two water tanks and pumps to augment the sprinklers in the event of a
water main disconnection. These water tanks contain over 100,000 gallons of water each and the fire pumps
are designed to increase pressure if needed.

Component Information
The GPL utilizes a hydraulically designed standard wet-pipe system for use in an Ordinary Hazard Group II
Occupancy, while any above-ceiling fire protection systems are designed for a Light Hazard Occupancy. The
standpipe and riser system is comprised of a 6-inch combination standpipe that rises through Stairwell 2 with
4-inch main lines serving each floor. Additionally, the third floor sprinkler system includes separate lines from
the riser to the server room and penthouse. The riser also provides a two-way manifold on the roof. The riser
drains through a 2-inch pipe that empties into the sanitary sewer system. In addition to the riser for the
sprinkler system, the GPL has another riser in Stairwell 1 that serves fire hose valves at each floor landing. The
fire hose valves are 2 ½ inch valves with 2 ½ inch by 1 ½ inch reducing caps mounted 3 feet 6 inches above the
floor. This will allow firefighters to connect into the water supply without having to drag extremely long hoses
around.
The GPL utilizes three types of sprinkler heads. There are 464 Tyco TY-FRB Quick-Response recessed pendent
sprinklers with a ½ inch orifice and rated for 155 degrees Fahrenheit with UL-Listed recessed escutcheons.
There are also 259 Tyco TY-FRB Quick-Response upright sprinklers with a ½ inch orifice and rated for 200
degrees Fahrenheit. Additionally, the GPL has 12 Tyco TY-L Standard-Response sidewall sprinklers with a ½
inch orifice and rated for 212 degrees Fahrenheit. All sprinklers have a K-factor of 5.6.
All sprinkler piping is composed of black steel. All pipes two inches or less is schedule 40, and all larger pipes
are schedule 10, both manufactured in compliance with ASTM A 135 and A 53. No thin-walled pipes were
installed. The piping was installed to ensure that no joints or fittings were over electrical equipment to prevent
leaks from damaging equipment or causing danger to personnel working in the area.
All hangers, flexible connections, swing joints, and seismic bracing was installed utilizing a force factor of 1.0,
utilizing the full weight of the water-filled pipe. Any armover exceeded 12 inches in length is braced to prevent
upward movement. The bracing used for the sprinkler system is comprised mostly of Tolco horizontal, vertical,
and angled bracing. The maximum permitted loads for the bracing is 1425 pounds as permitted by NFPA 13,
and the typical weight of the piping in the zone of influence is approximately 700 pounds, providing a safety
factor of 2 for the hangers and bracing for the system. The maximum distance between hangers is 12 feet for 1
¼ inch or less piping and 15 feet for piping up to 6 inches.
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Design Demand
All areas of the GPL are hydraulically calculated to provide a minimum of 0.17 GPM per square foot over the
most hydraulically demanding 3000 square feet per NFPA 13 11.2.3.1.1. Additionally, 250 GPM is added for the
hose stream allowance. The sample excel/hand calculation done below is of the most hydraulically remote
sprinkler area on the third floor which is located in the southwest corner of the building. The area
encompasses 7 branch lines with 4 heads each, for a total of 28 heads. Figure 19 shows the hydraulically most
remote area on the third floor.

Figure 19: Third floor southwest corner, hydraulically most remote area
To find the most remote area, the following equations are used, per Section 23.4.4.1.1.1.
2
𝐿𝑚𝑖𝑛 = 1.2√𝐴 = 1.2 √3000 𝑓𝑡 = 65.7 𝑓𝑡
𝐿𝑚𝑖𝑛 65.7𝑓𝑡
𝑁𝑠 =
=
= 6.57 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟𝑠 = 7 𝑠𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟𝑠
𝑠
10 𝑓𝑡
𝐿𝑎𝑐𝑡 = 𝑁𝑠 × 𝑠 = 7 × 10 = 70 𝑓𝑡
𝐴
3000 𝑓𝑡 2
𝑊=
=
= 42 𝑓𝑡
𝐿𝑎𝑐𝑡
70 𝑓𝑡

The hydraulic area is therefore 70 feet by 42 feet and encompasses a total of 28 sprinklers.
The equation to find the flow at the last head on the line is 𝑄 = 𝑑 × 𝐴 = 0.17 × 100 = 17𝐺𝑃𝑀 where d is
the density and A is the area covered by the sprinkler. The pressure at the last head can be found with the
equation 𝑄 = 𝑘√𝑝 = 17 𝐺𝑃𝑀 = 5.6√𝑝, yielding an initial pressure of 9.21 psi.
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The equation to find the friction loss per length is as follows:
𝑝=

4.52𝑄1.85
𝐶 1.85 𝑑4.87

The minimum discharge rate and psi for the design area can be found at Node 12, for a flow of 500 GPM and
20 psi.

The required flow and pressure at the BOR can be found at Node 14. The flow is 500 GPM at 72.1 psi.
The required flow at the POC includes the hose stream allowance of 250GPM per Table 12.8.6.1. The total flow
at the POC is therefore 750 GPM at 75.8 psi. Based on the pressure and flow testing found in Table 8, there is
adequate flow and pressure for this system. Additionally, there are two fire pumps that serve the campus to
provide additional pressure if necessary. See Appendix B for the complete hydraulic calculations that were
completed via computer program. Table 9 provides a sample hydraulic calculation for the sprinkler system.

Table 9: Hydraulic Excel/Hand Calculations

Step
No.

Flow in gpm
q
17.0
1
Q
q

1.25

E

1.25

E
T

17.0
17.3

2
Q
q

Pipe
size

34.3
18.3

3

Pipe
Fittings
and
Devices

E
1.25

Q
q

52.5
0.0

Q
q

52.5
52.6

4

4

5

4
Q
q

4

4

T

211.5
54.2

8

4
Q

T

158.1
53.4

7
Q
q

T

105.1
52.9

6
Q
q

T

265.7

T

Equivalent
Pipe
Length
L
6
F
5.83
T
11.83
L
3
F
9
T
12
L
3
F
3
T
6
L
5
F
20
T
25
L
5
F
20
T
25
L
5
F
20
T
25
L
5
F
20
T
25
L
5
F
20
T
25

Friction loss
(psi/ft)
C=
120
pf
C=

0.025
120

pf
C=

0.093
120

pf
C=

0.204
120

pf
C=

0.001
120.000

pf
C=

0.004
120.000

pf
C=

0.009
120.000

pf
C=

0.015
120.000

pf

0.022

Pressure
Summary
Pt
9.2
Pe
Pf
0.3
Pt
9.5
Pe
Pf
1.1
Pt
10.6
Pe
Pf
1.2
Pt
11.8
Pe
Pf
0.0
Pt
11.9
Pe
Pf
0.1
Pt
12.0
Pe
Pf
0.2
Pt
12.2
Pe
Pf
0.4
Pt
12.6
Pe
Pf
0.6

K=

Notes
5.6

K=

5.6
BL-1

K=

5.6
BL-1

K_EQ

15.3
BL-2

K_EQ

15.3
BL-3

K_EQ

15.3
BL-4

K_EQ

15.3
BL-5
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Step
No.

Flow in gpm
q

4

T

55.4

9
Q
q

Pipe
size

Pipe
Fittings
and
Devices

321.1
57.0

10

4
Q
q

378.1
59.2

11

4
Q
q

4
Q
q

499.2
0.0

Q
q

499.2
0.0

13

4

14

6

15
Q
q
Q

T

437.3
61.9

12

Q
q

T

499.2
0.0
250.0
749.2

6

T

19T

ALM
VLV

PIV

Equivalent
Pipe
Length
L
F
T
L
F
T
L
F
T
L
F
T
L
F
T
L

5
20
25
5
20
25
5
20
25
5
20
25
115
380
495
37.72

F
T
L
F
T
L
F
T

190
227.72
120
6
126

Friction loss
(psi/ft)
C=

120.000

pf
C=

0.032
120.000

pf
C=

0.043
120.000

pf
C=

0.056
120.000

pf
C=

0.072
120.000

pf
C=

0.072
120.000

pf
C=
pf
C=
pf

0.010
100.000
0.029

Pressure
Summary

Notes

Pt
Pe
Pf
Pt
Pe
Pf
Pt
Pe
Pf
Pt
Pe
Pf
Pt
Pe
Pf
Pt

13.1

K_EQ

15.3
BL-6

0.8
13.9

K_EQ

15.3
BL-7

1.1
15.0

K_EQ

15.3
BL-8

1.4
16.4

K_EQ

15.3
BL-9

Pe
Pf
Pt
Pe
Pf
Pt
Pe
Pf

16.3
2.2
72.1

1.8
18.2
35.4
53.6
RISER at 37.72
feet

UNDERGROUND
3.6
75.8

Figure 20 graphically shows that the water supply is sufficient for the demand, including hose allowance.
Because the total demand is significantly below the water supply curve, a fire pump is not necessary to provide
adequate flow and pressure.
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Figure 20: Hydraulic demand curve

Inspection, Testing, and Maintenance
The Inspection, Testing, and Maintenance (ITM) of the fire suppression systems are performed by the LBNL
Fire Alarm (FA) technicians. They perform ITM in accordance with both the national and California editions of
NFPA 25, whichever is most restrictive. They report their findings to the Facilities manager as well as the Fire
Marshal. The maintenance schedule is listed in Table 10 with both the national and California standards for
comparison:
Table 10: Sprinkler Systems Comparison- NFPA 25 (Chapter 5 & 13)
Item
Gauges (Dry,
Preaction, and
Deluge Systems)
Control Valves
Waterflow
Alarm Devices
Valve
Supervisory
Signal Devices

Frequency
(National)

Reference
(National)

Frequency
(California)

Reference
(California)

Weekly/
Quarterly

5.2.4.2, 5.2.4.3,
5.2.4.4
Table 13.1.1.2

Quarterly
Quarterly

5.2.4.2, 5.2.4.3
Table 12.1

I

Quarterly

5.2.5

Quarterly

5.2.6

I

Quarterly

5.2.5

Quarterly

5.2.6

I/T/M

I
I
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Item
Supervisory
Signal Devices
(Except valve
supervisory
switches)
Gauges (Wet
systems)
Hydraulic
Nameplate
Buildings (Prior
to freezing
weather)
Hanger/ Seismic
Bracing
Hanger/ Seismic
Bracing in
Accessible
Concealed
Spaces
Pipes and
Fittings
Pipes and
Fittings in
Accessible
Concealed
Spaces
Sprinklers
Sprinklers in
Accessible
Conealed Spaces
Spare Sprinklers
Information Sign
Fire Department
Connections
Valves (All
types)
Obstruction,
Internal
Inspection of
Piping

Heat Trace
Waterflow
Alarm DevicesMechanical

I/T/M

Frequency
(National)

Reference
(National)

Frequency
(California)

Reference
(California)

I

Quarterly

5.2.5

Quarterly

5.2.6

I

Quarterly

5.2.4.1

Quarterly

5.2.4.1

I

Quarterly

5.2.6

Quarterly

5.2.7

I

Annually

4.1.1.1

Annually

5.2.5

I

Annually

5.2.3

Annually

5.2.3

I

N/A

N/A

5 years

5.2.3.3

I

Annually

5.2.2

Annually

5.2.2

I
I

N/A
Annually

N/A
5.2.1

5 years
Quarterly

5.2.2.3
5.2.1

I
I
I

N/A
Annually
Annually

N/A
5.2.1.4
5.2.8

5 years
Quarterly
Annually

5.2.1.1.4
5.2.1.3
5.2.8

I

Table 13.1.1.2

Quarterly

Table 12.1

I

Table 13.1.1.2

I

5 years

14.2

I

Manufacturer's
Recommendatio
n

T

Quarterly

Table 12.1

13.2.1, 13.2.2

5.2.7

5 years
Manufacturer'
s
Recommenda
tion

5.3.3.1

Annually

5.3.3

5.2.7
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Item
Waterflow
Alarm DevicesVane and
Pressure-Switch
Valve
Supervisory
Signal Devices
Supervisory
Signal Devices
(Except valve
supervisory
switches)
Main Drain
Antifreeze
Solution
Gauges
Sprinklers
(Extra-High or
Greater
Temperatures)
Sprinklers (FastResponse)

I/T/M

Frequency
(National)

Reference
(National)

Frequency
(California)

Reference
(California)

T

Semiannually

5.3.3.2

Annually

5.3.3

T

Table 13.1.1.2

Annually

5.3.3

T
T

Table 13.1.1.2
Table 13.1.1.2

Annually
Annually

5.3.3
Table 12.1

T
T

Annually
5 years

5.3.4
5.3.2

Annually
5 years

5.3.4
5.3.2

T

5 years
20 years/ 10
years
50 years/ 10
years

5.3.1.1.1.4

5.3.1.1.1.3

5.3.1.1.1.5
5.3.1.1.1.6

5 years
20 years/ 10
years
50 years/ 10
years
75 years/ 5
years
10 years/ 10
years

5.3.1.1.2

5 years

5.3.1.1.2

T

Table 13.1.1.2

Annually

Table 12.1

T

13.3.1.2.1

M

Table 13.1.1.2

Annually

Table 12.1

M

13.4.4.3.2

Annually

12.4.4.3.3

5.4.1.9

Annually

5.4.1.9

T

Sprinklers

T

Sprinklers

T

Sprinklers (Dry)
Sprinklers
(Harsh
Environment)
Valves (All
types)
Valve Status
Test
Valves (All
types)
Low-Point
Drains (Dry Pipe
Systems)
Sprinklers and
Automatic Spray
Nozzles
Protecting
Commercial
Cooking
Equipment and

T

75 years/ 5 years
10 years/ 10
years

T

5 years

M

Annually

5.3.1.1.1.3
5.3.1.1.1

5.3.1.1.1.2
5.3.1.1.1
5.3.1.1.1.5
5.3.1.1.1.6

13.3.1.2.1
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Item

I/T/M

Frequency
(National)

Reference
(National)

Frequency
(California)

Reference
(California)

I

Weekly

13.3.2.1

Quarterly

12.3.2.1

I

Monthly

13.3.2.1.1

Quarterly

12.3.2.1.1

I

Quarterly

12.3.2.1.2

Quarterly

12.3.2.1.2

I

Monthly

13.4.1.1

Quarterly

12.4.1.1

I

5 years

13.4.1.2

5 years

12.4.1.2

I

5 years

13.4.1.2

5 years

12.4.1.2

I

5 years

13.4.2.1

5 years

12.4.2.1

I

Daily/ Weekly

13.4.3.1

Daily/ Weekly

12.4.3.1

I

Monthly

13.4.3.1.6

Quarterly

12.4.3.1.6

12.4.3.1.7

Ventilation
Systems

Control ValvesSealed
Control ValvesLocked or
Electrically
Supervised
Valve
Supervisory
Signal Initiating
Device
Alarm ValveExterior
Alarm ValveInterior
Alarm ValvesStrainers, Filters,
Orifices
Check ValveInterior
Preaction/
Deluge ValveEnclosure (Cold
Weather)
Preaction/
Deluge ValveExterior
Preaction/
Deluge ValveInterior
Preaction/
Deluge ValveStrainers, Filters,
Orifices
Dry Pipe Valves/
Quick Opening
Devices- Gauges
Dry Pipe Valves/
Quick Opening
DevicesEnclosure (Cold
Weather)

I

Annually/ 5 years

13.4.3.1.7

Annually/ 5
years

I

5 years

13.4.3.1.8

5 years

12.4.3.1.8

I

Weekly/ Monthly

13.4.4.1.2.4,
13.4.4.1.2.5

Weekly/
Monthly

13.4.4.1.2.4,
13.4.4.1.2.5

I

Daily/ Weekly

13.4.4.1.1

Daily/ Weekly

12.4.4.1.1
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Item
Dry Pipe Valves/
Quick Opening
DevicesExterior
Dry Pipe Valves/
Quick Opening
Devices- Interior
Dry Pipe Valves/
Quick Opening
DevicesStrainers, Filters,
Orifices
PressureReducing and
Relief ValvesSprinkler
Systems
PressureReducing and
Relief ValvesHose
Connections
PressureReducing and
Relief ValvesHose Racks
PressureReducing and
Relief ValvesFire Pumps,
Casing Relief
Valves
PressureReducing and
Relief ValvesFire Pumps,
Pressure-relief
Valves
Backflow
Prevention
AssembliesReduced
Pressure
Backflow
Prevention
AssembliesReduced-

I/T/M

Frequency
(National)

Reference
(National)

Frequency
(California)

Reference
(California)

I

Monthly

13.4.4.1.4

Quarterly

12.4.4.1.4

I

Annually

13.4.4.1.5

Annually

12.4.4.1.5

I

Annually/ 5 years

13.4.4.1.6

5 years

12.4.4.1.6

I

Quarterly

13.5.1.1

Quarterly

12.5.1.1

I

Annually

13.5.2.1

Semiannually

12.5.2.1

I

Annually

13.5.3.1

Quarterly

12.5.3.1

I

Weekly

13.5.7.1, 13.5.7.1.1

Weekly

12.5.6.1, 12.5.6.1.1

I

Weekly

13.5.7.2, 13.5.7.2.1

Weekly

12.5.6.2, 12.5.6.2.1

I

Weekly/ Monthly

13.6.1

Quarterly

12.6.1

I

Weekly/ Monthly

13.6.1

Quarterly

12.6.1
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Item

I/T/M

Frequency
(National)

Reference
(National)

Frequency
(California)

Reference
(California)

I

13.7.1
13.2.5, 13.2.5.1,
13.3.3.4
13.2.7.2

Quarterly
Annually
5 years

12.7.1
12.2.6, 12.2.6.1,
12.3.3.4
13.2.7.2

T

Quarterly
Annually/
Quarterly
5 years
Quarterly/
Semiannually

13.2.6

Annually

12.2.7

T

Annually

13.3.3.1

Annually

12.3.3.1

T

Annually

13.3.3.1

Annually

12.3.3.1

T

Semiannually

13.3.3.5

Annually

12.3.3.5

T

Quarterly

13.4.3.2.1

Annually

12.4.3.2.1

T

Quarterly/
Annually

13.4.3.1.13,
13.4.3.2.14

Annually

12.4.3.2.10

T

Annually

13.4.3.2.2

Annually

12.4.3.2.2

T

3 years

13.4.3.2.6

3 years

13.4.3.2.6

T

3 years

13.4.4.2.9

3 years

13.4.4.2.9

T

Quarterly

13.4.4.2.1

Annually

12.4.4.2.1

T

Quarterly

13.4.4.2.6

Annually

12.4.4.2.6

T

Quarterly

13.4.4.2.4

Annually

12.4.4.2.4

T

Annually

13.4.4.2.2

Annually

12.4.4.2.2

Pressure
Detectors
Fire Department
Connections
Main Drains
Gauges
Waterflow
Alarms
Control ValvesPosition
Control ValvesOperation
Control ValvesSupervisory
Preaction/
Deluge ValvesPriming Water
Preaction/
Deluge ValvesLow Air Pressure
Alarms
Preaction/
Deluge ValvesFull Flow
Preaction/
Deluge ValvesAir Leakage
Dry Pipe Valves/
Quick-Opening
Devices- Air
Leakage
Dry Pipe Valves/
Quick-Opening
Devices- Priming
Water
Dry Pipe Valves/
Quick-Opening
Devices- Low Air
Pressure Alarm
Dry Pipe Valves/
Quick-Openinge
Devices- Quick
Opening Device
Dry Pipe Valves/
Quick-Opening

T
T
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Item

I/T/M

Frequency
(National)

Reference
(National)

Frequency
(California)

Reference
(California)

T

3 years

13.4.4.2.2.2

3 years

12.4.4.2.2.2

T

5 years

13.5.1.2

5 years

12.5.1.2

T

Annually

13.5.7.1.2

Annually

12.5.6.1.2

T

Annually

13.5.7.2.2

Annually

12.5.6.2.2

T

5 years

13.5.2.2

5 years

12.5.2.2

T

5 years

13.5.3.2

5 years

12.5.3.2

T

Annually

13.6.2

Annually

12.6.2

T

N/A

N/A

5 years

12.7.4

Devices- Trip
Test
Dry Pipe Valves/
Quick-Opening
Devices- Full
Flow Trip Test
PressureReducing and
Relief ValvesSprinkler
Systems
PressureReducing and
Relief ValvesCirculation
Relief
PressureReducing and
Relief ValvesPressure Relief
Valves
PressureReducing and
Relief ValvesHose
Connections
PressureReducing and
Relief ValvesHose Racks
Back Flow
Prevention
Assemblies
Fire Department
Connections

Fire Suppression Systems Summary
The water-based fire suppression systems are in compliance with the requirements set forth in NFPA 13 and
the California Fire Code. There is enough available water flow and pressure to provide 17 GPM at 9.2 psi for
the 28 most remote sprinklers on the third floor. All sprinkler piping and hangers are correctly installed. The
sprinkler system is maintained in accordance with NFPA 25, both National and California editions. In addition
to the fire suppression systems, the GPL utilizes fire detection and notification systems to help keep the
occupants safe.
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Fire Detection and Notification Systems
The LBNL campus uses a remote supervising station alarm system for the GPL and all other buildings on
campus, which is defined in NFPA 72 3.2.281.3 as a “A protected premises fire alarm system (exclusive of any
connected to a public emergency reporting system) in which alarm, supervisory, or trouble signals are
transmitted automatically to, recorded in, and supervised from a remote supervising station that has
competent and experienced servers and operators who, upon receipt of a signal, take such action as required
by this Code.” The LBNL has a dedicated Security Operations Center (SOC) that automatically receives any fire
alarm signals and can dispatch the on-campus fire department, fire alarm technicians, and law enforcement as
necessary. The SOC is manned at all times and personnel are trained to respond appropriately to any alarm.

Fire Alarm Control Panel
The GPL originally used a Siemens MXL FACP, however, this has been replaced by the Siemens FireFinder XLS
FACP. The XLS panel is located in the north electrical room on the first floor. The XLS can be programmed to
address up to 2,500 different points on the fire alarm system, which is more than sufficient for the GPL. The
XLS panel requires 0.065 volts in standby and 0.145 volts in alarm modes. The specifications for the XLS panel
can be found in Appendix F.

Fire Sprinklers
Although not typically thought of as a fire alarm device, fire sprinklers serve an extremely important role in the
detection of a fire, as they are essentially heat detectors that provide suppression. The sprinkler system is
connected to the fire alarm system via waterflow switch, which activates the fire alarm system when water
flow is detected. Additionally, there is a valve tamper switch which activates a trouble signal at the fire alarm
control panel (FACP) if the control valve is closed or otherwise altered. There are three types of sprinkler
heads, Tyco TY-FRB Quick-Response recessed pendent, Tyco TY-FRB Quick-Response upright sprinklers, and
Tyco TY-L Standard-Response sidewall sprinklers, which will activate at 155⁰F, 200⁰F, and 212⁰F, respectively.

Smoke Detectors
The GPL utilizes two types of smoke detection devices. The first is a traditional smoke detector, the Seimens
FP-11 Intelligent Fire Print Detector. There are 61 FP-11 Detectors, located in hallways and high hazard areas,
such as electrical rooms and elevator machine rooms. Additionally, the FP-11 Detectors are used as duct
detectors, of which there are 13. The duct detectors are installed in air handling units (AHUs) that deliver more
than 2000 cubic feet per minute in accordance with the California Mechanical Code and are programmed to
shut down the AHU if they are activated. The specifications for the FP-11 Detectors can be found in Appendix
G.
The GPL also utilizes a High Sensitivity Smoke Detection (HSSD) system known as VESDA by Xtralis. The VESDA
system continuously samples air by drawing air into holes in its piping system and measuring possible smoke
particles with a laser and using light obscuration theories. The VESDA system is able to distinguish between
smoke and dust particles and can detect smoke before it becomes visible. The VESDA system is installed in the
server room on the third floor of the GPL in order to provide the earliest protection for the most sensitive
equipment in the building. The VESDA system is also programmed to activate the emergency power off (EPO)
in the server room if certain alarms are received. The specifications for the VESDA system can be found in
Appendix H.

Manual Pull Station
The GPL has 12 Siemens MSM-KD manual pull stations. These pull stations are located at all entrances and
stairways. Occupants can use the pull stations to activate the fire alarm in the event of a fire or other
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emergency event. These pull stations are mounted at 48” above finished floor (AFF) to meet the handicap
requirements of NFPA 72. The specifications for the MSM-KD manual pull stations can be found in Appendix I.

Location and Spacing of Fire Detection Devices
In accordance with NFPA 72 17.3.2.3.1, the FP-11 detectors have a maximum of 30-foot center spacing. The
spacing of these detectors is compliant, as they are mostly installed in hallways and mechanical rooms.
Additionally, a smoke detector is provided over the FACP, in accordance with NFPA 72 10.4.4 to protect the
control panel. This is reflected in both the riser diagram as well as the plan layout, as the smoke detector is the
first device in the sequence of devices. Additionally, the FP-11 detectors are located in AHUs that produce
2000 CFM or more. They are installed in a special housing that can detect smoke particles flowing through the
ductwork.
Similarly, the VESDA air sampling ports are treated as a spot-type smoke detector, and are required to be
spaced a maximum of 30 feet apart, in accordance with NFPA 72 7.7.3.6.1. The port furthest from the VESDA
detector is required to be able to deliver air to the detector in 120 seconds or less. This means the air sampling
ports cannot be placed too far away from the detector, which may affect the location of some piping and
ports. The VESDA system is compliant, with approximately 15-foot center spacing between the ports in the
server room on the third floor of the GPL. The location of the VESDA system can be found in Appendix J.

Response of Fire Detection Devices
The occupants of the GPL perform scientific experiments, often involving alternative fuels. In this fire scenario,
a scientist has accidentally caused a fire at their workbench in one of the laboratories. The DETACT model is
used to predict when a sprinkler head will activate. The height from the workbench to the ceiling is 10 feet (3
meters), the worst case radial distance from the fire is 7.5 feet (2.3 meters), the ambient temperature is 68
degrees Fahrenheit (20 degrees Celsius), the activation temperature of the head is 155 degrees Fahrenheit (68
degrees Celsius), the response time index (RTI) of the head is 50 (m-s)1/2, and the fire is a fast growing tsquared fire. The input parameters for the DETACT model for sprinklers are shown in Table 11.
Table 11: DETACT Input Parameters for Sprinkler Activation
INPUT PARAMETERS
Ceiling height (H)
Radial distance (R)
Ambient temperature (To)
Actuation temperature
(Td)
Response time index
(RTI)
Fire growth power (n)
Fire growth coefficient (k)
Time step (dt)

3
2.3
20

m
m
C

68

C

50
2
0.047
2

(m-s)1/2
kW/sn
s

The time to activation of the head is approximately 125 seconds and the size of the fire at this point is
approximately 730 kW. The on-campus fire department can respond to this building within 5 minutes, and the
head would have activated by the time they arrived. Figure 21 shows the temperature and heat release rate as
time progresses.
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Figure 21: DETACT Graph for Sprinklers

To determine the response time for a nearby smoke detector, the DETACT model is used again. Using NFPA 72
Table B4.7.5.3, it is assumed that the smoke detector will activate after a 14 degree Fahrenheit (7.8 degrees
Celsius) rise and that the RTI is 2 (m-s)1/2 to simulate an instantaneous activation. The height from the
workbench to the ceiling is 10 feet (3 meters), the worst case radial distance from the fire to the smoke
detector is 15 feet (4.6 meters), the ambient temperature is 68 degrees Fahrenheit (20 degrees Celsius), the
activation temperature of the smoke detector is 82 degrees Fahrenheit (27.8 degrees Celsius), the RTI of the
smoke detector is 2 (m-s)1/2, and the fire is a fast growing t-squared fire. The input parameters for the DETACT
model for sprinklers are shown in Table 12.
Table 12: DETACT Input Parameters for Smoke Detector Activation
INPUT PARAMETERS
Ceiling height (H)
Radial distance (R)
Ambient temperature (To)
Actuation temperature
(Td)
Response time index
(RTI)
Fire growth power (n)
Fire growth coefficient (k)
Time step (dt)

3
4.6
20

m
m
C

27.8

C

2
2
0.047
1

(m-s)1/2
kW/sn
s
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The time to activation of the head is approximately 34 seconds and the size of the fire at this point is
approximately 55 kW. The activation of the smoke detector occurs significantly before the activation of the
sprinkler head, allowing the fire department to react more quickly to the alarm and extinguish the fire if the
sprinklers have not already done so. Figure 22 shows the temperature and heat release rate of the fire as time
progresses as it relates to the smoke detector.

Figure 22: DETACT Graph for Smoke Detectors

Notification Devices
The GPL employs strobes, horns, and combination horn/strobe devices. The strobes are Wheelock Exceder
Series Wall Strobes that are adjustable in 15, 30, and 75 candela ratings, which can cover 20’ x 20’, 28’ x 28’,
and 45’ x 45’ areas respectively, according to NFPA 72 Table 18.5.5.4.1(a).
The GPL uses 4 Wheelock Exceder Series Outdoor Horns as a means of notification for the waterflow switch
that alarms in the event of sprinkler activation.
The combination horn/strobe devices are wall-mounted Wheelock Exceder Series Wall and Ceiling
Horn/Strobes. The strobe portions are adjustable in 15, 30, 75, and 110 candela ratings.
Both the horn and combination horn/strobe devices have a maximum of 99 decibel (dBA) output and are
adjustable in 90, 95, and 99 dBA increments. NFPA 72 18.4.3.1 requires that the sound pressure must be at
least 15dBA above ambient or 5dBA above the loudest the loudest noise. The average ambient sound level for
a business occupancy is 55dBA, according to NFPA 72 Table A18.4.3, so the horn must provide at least 70dBA.
The specifications for the Exceder Series Horn/Strobes can be found in Appendix K.

Location and Spacing of Notification Devices
The horn devices are only utilized outside of the building to provide an audible notification in the event the
sprinkler system is activated. The horn devices are located on the corners of the building to alert the oncampus fire department to the location of a waterflow alarm.
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The strobe devices are used exclusively in the bathrooms and are set at 30 candelas, which is sufficient for an
area covering 20’ x 20’. The bathrooms are approximately 15’ x 15’, so the strobes are sufficient. Horns were
not including in the bathrooms because the sound pressure would be too loud for any occupants inside, given
the flat and hard surfaces that would provide a significant echo effect. The strobe devices are in compliance
with NFPA 72.
The combination horn/strobe devices are used in the corridors and are spaced in accordance with their rating.
Most of the horn/strobe devices are set at 75 candelas, providing a maximum spacing distance of 56 feet, as
each strobe can cover 28 feet each. The decibel ratings for these devices is 90dBA, and because the sound
pressure decreases by 6 dBA every 10 feet, the maximum distance these devices can cover is 80 feet. At 80
feet, the sound pressure decreases to 72dBA, which is the minimum allowable sound pressure for the business
occupancy. The sound pressure levels from these devices are compliant for the GPL.

Mass Notification
The GPL does not utilize a mass notification system. However, plans are in progress to update the fire alarm
system to include mass notification, including voice notifications and text messages via video board. This has
already been implemented in other buildings on campus. Additionally, the emergency operations center (EOC)
can communicate with the campus via public address system. The intelligibility principles in NFPA 72 have
provided guidance for the public address system.

Power Requirements
The primary power supply for the fire alarm system is provided by the local utility company, PG&E. To provide
the secondary power supply, a calculation is performed that takes into consideration the power required to
run on standby mode for 24 hours and alarm mode for 5 minutes, in accordance with NFPA 72 10.6.7.2.1.
Additionally, a 25% buffer is added to provide an additional margin of safety in accordance with construction
specifications for the campus. The voltage drop calculations can be seen in Figures 23 and 24 below. The alarm
system for the GPL has 14 notification alarm circuits (NAC) which are connected back to the main FACP.

Figure 23: Power Requirements for Notification Devices
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Figure 24: Voltage Drop Calculations for Each NAC
To find the required battery capacity, the voltage drop for each NAC and FACP is multiplied by 24 hours and 5
minutes for standby and alarm mode, respectively, yielding an amp hour requirement for the battery backup.
See Table 12 for battery calculations for all equipment.
Table 13: Voltage Drop Totals
Equipment
XLS FACP
NAC 1
NAC 2
NAC 3
NAC 4
NAC 5
NAC 6
NAC 7
NAC 8
NAC 9
NAC 10
NAC 11
NAC 12
NAC 13
NAC 14

Standby
(V)
0.065

Alarm
(V)
0.145
2.850
2.526
2.575
2.500
2.864
2.864
3.087
2.942
3.377
3.686
3.326
3.340
2.606
2.584

Total Voltage
0.065
41.272 Drop
The total standby voltage drop is multiplied by 24 hours and the total alarm voltage drop is multiplied by 5
minutes, yielding
0.065 V × 24 hours + 41.272 × 5 minutes = 5 amp hours.
The total amp hours is then multiplied by 1.25 as a safety factor, and the total battery requirement for this
system is therefore 6.25 amp-hours. A 7 amp-hour battery is provided for this system. The system has
sufficient secondary power.
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Smoke Control
The GPL does not have nor is required to have smoke control in the building, as there are no atriums that are
over two stories tall. There are three air handling units (AHUs) on the roof that provide over 2,000 cubic feet
per minute of air and are therefore required to have duct smoke detectors on the return side that shut down
the AHUs when smoke is detected, per CFC 907.2.13.1.2 (2016 ed.). This is done to ensure that smoke is not
spread throughout the building via the AHUs. The GPL is in compliance with this requirement.

Inspection, Testing, and Maintenance
The Inspection, Testing, and Maintenance (ITM) of the fire alarm systems are performed by the LBNL Fire
Alarm (FA) technicians. They perform ITM in accordance with NFPA 72 Tables 14.3.1 and 14.4.3.2. They report
their findings to the Facilities manager as well as the Fire Marshal. The quarterly ITM items are performed in
February and May, while the semi-annual ITM items are done in August, and the annual ITM tests are
accomplished in November. The records for the ITM findings are maintained by the Fire Alarm team leader.

Fire Detection and Notification Systems Summary
The fire detection and notification systems in the GPL are in compliance with NFPA 72 and the California Fire
Code. The GPL uses a modern Siemens FireFinder XLS panel, which can support all of the flow switches, smoke
detectors, VESDA systems, and pull stations in the building. The locations and candela and decibel ratings of
the notification devices are also all in compliance with NFPA 72. Each NAC is required to have 6.25 amp-hours
of capacity, which is satisfied by using 7 amp-hour batteries for each NAC. Using the DETACT model, it was
found that the sprinklers would activate and trip the flow switches after 125 seconds, and that the smoke
detectors would activate after 34 seconds. The quick response of these devices helps notify the occupants in a
timely manner so they can exit the building more quickly. The robust nature of the fire alarm system is
matched by the building construction, as the GPL was built to provide maximum protection and flexibility for
future uses.
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Structural Analysis
Construction Classification
The GPL is a three story building with a total floor area of 43,278 square feet, with each story having an equal
floor area of approximately 14,420 square feet. The total height of the building from grade to the top of the
penthouse is 56’-10” with the highest occupied level at 30’-0”. The building is therefore not classified as a highrise building. The GPL is built as a Type IIA construction. Although the area, height, and occupancy
classification do not require the GPL to be built as a Type IIA, the design was selected in order to provide
control area separation between floors as well as allow for flexibility during future upgrades to the building.

Allowable Building Height
Based on the height and occupancy of GPL, the fully-sprinklered building could have been built with any type
of construction in accordance with California Fire Code Table 504.3, seen in Table 14. Type IIA construction
limits the fully-sprinklered building to 85 feet above grade plane, and the GPL is 56’-10” above grade and is
therefore in compliance.
Table 14: Allowable Building Height

Based on the number of stories and occupancy, the fully-sprinklered building could have been built with any
type of construction in accordance with California Fire Code Table 504.4, seen in Table 15. Type IIA
construction limits the building to six stories above grade plane, and the GPL has only three stories and is
therefore in compliance.
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Table 15: Allowable number of stories

Allowable Building Area
Based on the area and occupancy and accounting for frontage increase, the fully-sprinklered building could
have been built with any type of construction in accordance with Table 504.4 and Section 506.2.3, seen in
Figure 25. Type VB construction for the GPL is allowed based on increases due to frontage. Since the GPL has
60 feet of public way width on all sides of the building, the area is allowed to be increased to 101,250 square
feet. The calculation is shown below:
At = 27,000 square feet
NS = 9,000 square feet
Sa = 3 stories maximum
W = 30 feet (half of the 60 feet, as W is measured to the centerline of the public way)
If = [F/P-0.25]W/30 = [(510 feet)/(510 feet)-0.25] x 30 feet /30 = 0.75
Aa = [At + (NS x If)] x Sa = [27,000 sq. ft. + (9,000 sq. ft. x 0.75)] x 3 = 101,250 square feet
Each individual story may not exceed 33,750 square feet.
The GPL has only 43,000 square feet and no floor exceeds 14,420 square feet, and is therefore in compliance
with any type of construction.
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Figure 25: Allowable Area
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Building Elements
Because the GPL is a Type IIA classification, the primary structural frame, exterior and interior bearing walls,
floors, and roof construction are required to have a one hour fire resistance rating in accordance with
California Fire Code Table 601, seen in Table 16. Additionally, critical areas of the building have one hour fire
resistance ratings including server, electrical, and telecom rooms. Non-bearing walls and corridors are not
required to be rated unless they serve as boundaries to control areas, shafts, or exit stair enclosures. All
structural materials are composed of structural steel, meeting the non-combustible requirements for Type IIA
construction. Columns and associated secondary members are required to be protected in accordance with
Sections 704.2, 704.3, and 704.4 which states that the entire lengths of the members must be protected on all
sides.
Table 16: Fire Resistance Rating Requirements

Exterior Walls
Because the GPL has a fire separation distance of more than 30 feet from the nearest buildings or property
lines, the exterior walls are not required to be rated in accordance with California Fire Code Table 602, seen in
Table 17.
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Table 17: Fire Resistance Rating Requirements for Exterior Walls

Exterior Wall Openings
Because the GPL has a fire separation distance of more than 30 feet from the nearest buildings or property
lines, there are no limits on the allowable area for exterior wall openings in accordance with Table 705, seen in
Table 18.
Table 18: Maximum Area of Exterior Wall Openings
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Floors and Roof
The floors are constructed of 4 inch concrete slabs. The floors also include mineral wool firesafing to maintain
the one hour floor fire resistance rating. The roof is constructed of a 6 inch concrete slab. The beams and joists
are constructed of structural steel beams, W24x76 and W18x46, respectively, and are covered with a
Monokote MK-6 sprayed fire resistive material.

Columns
The columns in the GPL are a combination of wide flange and pipe columns, all composed of structural steel.
Wide flange columns are protected by ULY715 and UL Y724 SFRM and pipe columns are protected by UL Y710
SFRM.

Fire Barriers
Because the GPL consists of laboratories with significant chemical storage, each floor has been divided into
two control areas, giving a total of six control areas for the building. Each control area is protected by a onehour rated full height partition. This allows the occupants to store additional chemicals for their experiments.
Although the MAQ has yet to be reached, the GPL was designed for maximum flexibility with future chemical
storage planned.
In addition to the control areas, the electrical, mechanical, and telecommunications rooms also have one-hour
rated partitions. These are not required, however, the design of the building was meant to be as conservative
as possible and protection of these critical areas was paramount. The elevator shafts, duct shafts, and exit
stairwells all have two-hour fire partitions in accordance with NFPA 101. Where fire barriers are penetrated by
HVAC ductwork, 90 minute rated fire dampers have been installed.

Structural Analysis Summary
The GPL was built beyond the requirements of the California Building Code in order to provide enough
flexibility to move different occupancies into the building in the future. The GPL is built as a Type IIA building
and is below the height and area limitations set forth in the California Building Code. Additionally, the GPL is
more than 30 feet away from the nearest building and therefore does not have any limit on unprotected
openings. The control areas are protected with one-hour fire walls and the exit stairs, elevator shafts, and duct
shafts are protected by two-hour fire walls.
Although the prescriptive requirements for egress, fire suppression, fire detection, and building construction
have been met, a performance-based analysis is required to provide a more complete picture of the fire and
life safety systems. The prescriptive measures can be justified by analyzing the exact requirements of the
building use and their occupants and alternative methods can be utilized if necessary.
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Performance Based Design
Design Fire Scenarios
Although prescriptive design considerations represent the minimum requirements for fire and life safety, it is
often necessary to consider alternatives for fire protection, as the building may be too unique for a one-sizefits-all solution. Therefore, it is necessary to develop performance based designs for distinctive applications.
These performance based designs will justify to the AHJ that a fire protection system is equal to or better than
a prescriptive design. To prove the veracity of the fire protection systems at the GPL, a laboratory fire involving
bench chemicals is analyzed. Other design fires were considered, including ignition of office furniture and
elevator machine room fires. Because the office furniture is in compliance with California Technical Bulletin
133, a fire involving furniture is unlikely, as the maximum heat release rate is 80kW. This is enforced through
the procurement regulations at the LBNL. Although an elevator machine room fire may occur, the effect of the
fire is likely to be limited, as the machine room is unoccupied and protected by a one-hour fire barrier.
Therefore, the most likely fire scenario would occur in a laboratory, a situation that has occurred in recent
history at the LBNL campus.
The design fire would be based on NFPA 101 design fire scenario 6, which results in a severe and challenging
fire from the largest possible fuel load. A challenging design fire is essential in the performance based design
analysis, as it pushes the limit of what the fire protection system can do. A normal design fire scenario can be
mitigated with a typical fire protection system, and in some cases may be mitigated with no system at all.
Therefore, a challenging Design Fire Scenario 6 will be used in the performance based design analysis.

Tenability
The tenability factors used in determining whether the occupants in a room can survive the design fire include
temperature, carbon monoxide levels, and visibility. If the temperature inside the room is maintained at less
than 60 degrees Celsius, the occupants are still able to move to the exits (SFPE Handbook 2-141). The visibility
must be maintained at greater than 10 meters at 2.7 meters above the floor (SFPE Handbook 2-132).
The Stewart equation for the fractional effective dose (FED) of carbon monoxide is as follows:
𝐹𝐼𝐶𝑂 = 3.317 × 10−5 [𝐶𝑂]1.036 (𝑉)(𝑡)/𝐷
FICO represents the fractional incapacitating dose of carbon dioxide. At a value of 0.8, virtually all people
survive. V represents the volume of air a person is breathing while performing various activities. In the case of
exiting a building, the value of V is defined as light work, which requires 25 Liters/minute of air breathed. The
D value is the percentage of carboxyhemoglobin in the bloodstream that will incapacitate a person, and for
light work, the value is 30%. The carbon monoxide concentration [CO] is measured in parts per million (ppm)
and 1,600 ppm will be used to represent a malfunctioning furnace in a laboratory. The time to evacuate is
approximately 14 minutes, and based on the Stewart equation, the maximum concentration of carbon
monoxide is 1,600 parts per million in order to keep the fractional effective dose at 0.8. Therefore, the carbon
monoxide concentration of the room must be kept below 1,600 ppm.

Fire Modeling Inputs
The design fire involves a fire inside Lab 320 in which a scientist accidentally ignites a polyethylene container
filled with acetone with a Bunsen burner. Lab 320 is 122 feet by 30 feet and 14 feet tall. The LBNL utilizes a
Chemical Management System (CMS) to keep track of the chemicals in use and storage and provides warnings
when the amount of hazardous materials reaches 80% of the MAQ. In reviewing the CMS on the third floor, a
total of 40 gallons of acetone was found on the floor, contained in one-gallon polyethylene bottles. As a
conservative measure, this amount was doubled to 80 gallons and placed in one location with an area of 0.6
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square meters on a laboratory bench for the purposes of fire modeling. Although this is an unlikely scenario, it
represents the absolute worst case situation, in accordance with NFPA 101 5.5.3.6 Design Fire Scenario 6.

The heat release rate (HRR) of the acetone on the lab bench can be found with the following
equation:
′′
𝑄̇ = ∆ℎ𝑐 𝑚̇∞
(1 − 𝑒 −𝑘𝛽𝐷 ) × 𝐴 = 25.8

1.9
𝑀𝐽
𝑘𝑔
× 0.041 2 × (1 − 𝑒 − 𝑚 ×0.75𝑚 ) × 0.6 𝑚2 = 482 𝑘𝑊
𝑘𝑔
𝑚 𝑠

The values of the variables can be found in Table 3-1.21 of the SFPE Handbook 4th Edition.
The model used in this scenario is the Fire Dynamics Simulator (FDS), a computer simulation program
developed by NIST. The FDS program has been validated and verified through experimentation and studies
and additional information is located in the FDS Technical Reference Guide Volume 3: Validation Guide. The
first step in creating the FDS model is to determine the grid size, which is defined as a mesh in which certain
sized cells are created and equations are solved within those cells. Smaller cells generally result in more
refined and accurate results at the expense of computing time and memory, as FDS has to perform more
calculations. Per NUREG 1824, published by the United States Nuclear Regulatory Commission in 2007, the
ratio of D*/dx should be between 4 and 16, where dx is the individual cell size and D* is found in the
calculation below, where Q is the heat release rate (500kW, rounded up from 482 kW), ρ is the density of air
(1.2 kg/m3), cp is the specific heat of air (1 kJ/kg K), T is the temperature of the ambient air (293 K), and g is the
gravitational acceleration (9.81 m/s2).
∗

𝐷 =(

2
5

𝑄̇
𝜌 × 𝑐𝑝 × 𝑇 × √𝑔

500

2
5

) = 0.73
) =(
1.2 × 1 × 293 × √9.81

The range of cell sizes can be found with the following equations:
∗

𝑑𝑥 = 𝐷 ⁄4 = 0.73⁄4 = 0.1825 meter
∗

𝑑𝑥 = 𝐷 ⁄16 = 0.73⁄16 = 0.045 meter
The grid size used in this scenario will be 11.38 centimeters, which results in a D*/dx ratio of 10, in line with
the suggestions put forth by NUREG 1824.
Design Scenario 6 indicates that the fire would be “rapidly developing” and is therefore modeled as an ultrafast t-squared fire. The equation for the fire growth rate is 𝑄 = 𝛼𝑡 2 where α is 0.188 for an ultra-fast fire and t
is time represented in seconds. The graphical representation of the fire growth is shown in Figure 26, and as
shown, the maximum heat release rate of 500 kW is reached in approximately 50 seconds. The acetone
quantity limits the HRR to 500 kW, as shown in the calculations above, and the HRR is therefore constant after
50 seconds.
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Figure 26: Fire growth of fire, showing HRR increasing and leveling off
The soot and carbon monoxide yields of acetone are found in the SFPE Handbook 4th Edition in Table 3-4.16,
which are 0.014 g/g and 0.003 g/g, respectively.
The furniture in the lab is based on standard equipment. There are seven benches in the lab, each one
containing a 3.5 meter (11.5 feet) vertical storage shelf. The benchtop on which the acetone sits is modeled
after a Labconoco Epoxy Work Surface. The shelves attached to the bench are made from 12ga steel and the
container for the acetone is made from polyethylene. There are 16 quick-response sprinklers located
throughout the lab with a 74°C (165°F) activation temperature and a response time index (RTI) of 50 metersseconds1/2. The sprinklers are spaced at 4.625 meter (15 foot) and 3 meter (10 foot) intervals.

Fire Modeling Results
The sprinklers are first activated at approximately 90 seconds after the fire has started. The fire has reached its
maximum HRR at this point. A total of four sprinklers activates in this simulation, and fourth one activates at
230 seconds after the fire has started. The results of the sprinkler activation can be seen in Figures 27 and 28.
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Figure 27: The first sprinkler activates at 90 seconds

Figure 28: Four sprinklers have activated at 230 seconds.
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The temperature at the ceiling reaches approximately 45°C at 90 seconds when the first sprinkler activates. At
this point, it is assumed that the sprinklers will control the fire and the temperature will not rise significantly
after activation. The temperature at which the space becomes untenable is 60°C and the room temperature
never moves past this point. Flashover occurs at approximately 500°C, but flashover risk never materializes in
this room. The temperature on the ceiling can be seen in Figure 29.

Figure 29: Ceiling temperature at sprinkler activation
The smoke layer does not descend below the top of the shelves after 900 seconds, which means the smoke
layer remains above 3 meters at all times. Visibility is not impaired and the occupants can clearly see their path
of egress. The smoke layer can be seen in Figure 30.

Figure 30: Smoke layer at 900 seconds
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The FDS simulation showed that the temperature never reached more than 45 degrees Celsius, and the
occupants can still move toward the exit at this temperature. The simulation shows that the carbon
monoxide levels were not detected by the devices set at the ceiling, therefore the occupants can breathe
normally. The smoke level in the simulation never descends lower than 3 meters, so visibility is not
impaired at all. The room is therefore tenable after 900 seconds.
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Egress
In addition to using the equations provided in NFPA 101, the computer program Pathfinder can be used to
determine the time it takes for occupants to exit the building. Pathfinder is a three-dimensional modeling
software that runs a simulation with occupants inside a building and can predict egress paths and times. The
main inputs into the program are the layout and the occupants. The layout for this simulation was created by
importing an AutoCAD drawing and extracting the walls. The occupants can be modified by their behaviors,
sizes, and mobility. For the GPL, most occupants are able-bodied behave rationally, as many are college-aged
interns, with a movement speed of 4 feet per second, per SFPE Handbook Table 3-12.4. The calculated
occupant load of 614 people was input into Pathfinder.
Based on these input criteria, two scenarios were run to determine the time to egress. The first scenario
tested was based on all egress pathways being available. The result of the simulation was that it took 287
seconds for all occupants to exit the building. These simulations do not consider pre-movement times, but
have been found to be approximately 120 seconds with the help of BET members and is based on timing the
occupants during fire drills. Figures 31 through 34 show the screenshots of the first and second scenarios.

Figure 31: Pathfinder - The occupants egressing under normal conditions
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Figure 32: Pathfinder - All occupants have exited after 287 seconds
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Figure 33: Pathfinder - The occupants egressing with the third floor eastern stairwell door blocked
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Figure 34: Pathfinder - All occupants have exited the building after 415 seconds

Egress Results
A guiding principle in determining if the performance-based design is appropriate is whether or not the
required safe egress time (RSET) is less than the available safe egress time (ASET). The RSET is found by adding
up the time it takes for the devices to detect the fire and activate (td and ta), the pre-movement time (tp), and
the actual travel time (tm). As found in the DETACT model above, the time to detection of the smoke detectors
is approximately 34 seconds and because activation is instantaneous, ta is zero seconds. It will take the BET
members approximately two minutes to notify and clear the occupants from their offices, and therefore the
pre-movement time is 120 seconds. This time was found while timing the BET members during regular drills.
Finally, the travel time is 415 seconds in a worst-case scenario. An added safety factor of 1.5 is added to
ensure that unknown variables are accounted for. The calculation for the egress time is shown below.
𝑅𝑆𝐸𝑇 = 1.5 × (𝑡𝑑 + 𝑡𝑎 + 𝑡𝑝 + 𝑡𝑚 ) = 1.5 × (34 + 0 + 120 + 415) = 853.5 seconds ≈ 14 minutes
Based on the FDS model, the room is still tenable after 15 minutes, and all occupants have exited the building
by then. Therefore, the performance based model shows that the fire and life safety systems in the GPL are
sufficient to ensure occupant safety.
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Conclusion and Recommendations
In accordance with the codes at the time of construction, the General Purpose Laboratory was found to have
been constructed and designed correctly.
The egress elements were found to be acceptable, as they provided enough capacity to handle the occupant
load and were arranged correctly. Each floor was required to have two exits, and the GPL met this condition.
The exit signs and emergency lights were also found to be placed so that occupants would be able to make
their way to the exits. The interior finishes meet code as they are all Class A or B finishes throughout the
building. The egress time using distance and walking speed was found to be two minutes and thirty seconds.
Additionally, the fire suppression systems were found to be in compliance as well. There was enough water
flow and pressure to supply the 28 most remote sprinkler heads on the third floor. Hydraulic calculations were
performed to show that the heads would require 17 GPM at 9.2 psi and that the system was able to handle
this requisite. The inspection, testing, and maintenance of the fire suppression systems are being performed in
accordance with NFPA 25 National and California editions.
Also, the fire alarm and detection systems were examined and found to be compliant with NFPA 72. The
FireFinder XLS panel is able to support all of the components of the fire alarm system, including smoke
detectors, flow switches, horn/strobes, and manual pull stations. The NACs attached to the panel are required
to have a minimum capacity of 6.25 amp-hours and 7 amp-hour batteries are provided at each NAC to meet
this capacity. The notification devices have sufficient candela and decibel ratings and are spaced correctly. The
DETACT model showed that the sprinklers would trip the flow switches 125 seconds after fire ignition, and the
smoke detectors would activate after 34 seconds, allowing the occupants to be notified quickly.
The structural analysis showed that the GPL was over-built and the Type IIA construction goes above and
beyond the requirements of the California Building Code. The GPL is below the height and area limits found in
the California Building Code. It is also far enough away from the nearest building to have an unlimited amount
of unprotected openings. All control areas are protected by one-hour fire walls and the egress elements like
the stairwells are protected with a two-hour fire wall.
The fire modeling showed that Lab 320 would still be tenable 15 minutes after a fire ignition, as the smoke
level, room temperature, and carbon monoxide concentration would still be within acceptable ranges. The
egress models showed that even with an exit blocked, all 614 occupants would be able to leave the building in
14 minutes. Therefore, the RSET is less than the ASET, and the prescriptive requirements of the GPL are
sufficient to provide a safe place for the scientists at the LBNL to work.
The recommendations for the continued safety of the General Purpose Laboratory are as follows:
1. Correctly perform Inspection, Testing, and Maintenance of the fire and life safety systems in
accordance with their schedules.
2. Ensure that the Maximum Allowable Quantities in the laboratories are not exceeded.
3. Train occupants to exit as soon as they are notified by the building systems in order to reduce the premovement egress time.
The Department of Energy routinely audits the Lawrence Berkeley National Laboratory for compliance with
building codes, and the DOE recommendations affect funding for the LBNL. Following these recommendations
will ensure that the General Purpose Laboratory maintains its fire and life safety systems as well as its funding
and continued existence as a national laboratory.
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Appendices
Appendix A: GPL Occupant Load by Room
Room
Number
103
103A
104
105
106
107
120
121
122
123
124
141
141A
141B
141C
141D
142
142A
142B
142C
142D
140B
140D
143
143A
143B
143C
143D
146
150
151
152
153
155
156
157
158
159
159A
160
203
204
205

Designated Use
Break Room
Storage Closet
Restroom
Restroom
Conference
Room
Lobby
Laboratory
Laboratory
Office
Laboratory
Laboratory
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Storage Closet
Office
Office
Office
Office
Office
Laboratory
Laboratory
Storage Closet
Laboratory
Janitors Closet
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Storage Closet
Storage Closet
Laboratory
Restroom
Restroom

Area
(sq. ft.)
209
79
274
300
906

Occupant Load Factor (sq.
ft./ person)
100
500
100
100
15

Occupant Load (Area/
Occupant Load Factor)
3
1
3
3
60

785
1166
1068
1075
232
219
380
130
191
139
137
371
129
194
135
130
286
67
416
141
290
171
187
267
260
86
80
82
276
337
68
186
60
54
53
60
220
250

15
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
500
100
100
100
100
100
100
100
500
100
500
100
100
100
100
100
500
500
100
100
100

52
12
11
11
3
3
4
2
2
2
2
4
2
2
2
2
3
1
5
2
3
2
2
3
3
1
1
1
3
4
1
2
1
1
1
1
3
3
67

206
207
208
210
220
221
222
223
224
225
226
227
228
230
231
233
235
236
238
239
240B
243
244
245
246
247
248
249
249A
250
250A
251
300
303
304
305
306
307
320
321
323
324
325
326
327
328
329

Conference
Room
Storage Closet
Janitors Closet
Lobby
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Storage
Lobby
Laboratory
Restroom
Restroom
Conference
Room
Electrical Room
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory

461

15

31

243
111
610
2060
185
87
180
125
139
167
150
320
173
193
364
518
332
1160
1238
322
126
120
122
123
100
106
193
80
225
89
90
607
251
188
215
460

500
500
15
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
500
15
100
100
100
15

1
1
41
21
2
1
2
2
2
2
2
4
2
2
4
6
4
12
13
4
2
2
2
2
1
1
2
1
3
1
1
41
3
2
3
31

592
2442
189
178
143
141
152
150
229
231

100
100
100
100
100
100
100
100
100
100

6
25
2
2
2
2
2
2
3
3
68

330
331
340
341
342
343
344
345
346
347
348
349
351
353
401
402
403
404
405

Laboratory
Laboratory
Office
Office
Office
Office
Office
Office
Office
Office
Office
Office
Storage Closet
Storage Closet
Mechanical
Room
Mechanical
Room
Mechanical
Room
Electrical Room
Communications

456
320
2848
120
127
120
121
81
123
108
190
571
80
80
224

100
100
100
100
100
100
100
100
100
100
100
100
500
500
100

5
4
29
2
2
2
2
1
2
1
2
6
1
1
3

402

100

4

750

100

8

148
224

100
100

2
3
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Appendix B: Sprinkler Layouts
Floor 1 Fire Sprinkler Plan – North
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Floor 1 Fire Sprinkler Plan – South
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Floor 2 Fire Sprinkler Plan – North
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Floor 2 Fire Sprinkler Plan – South
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Floor 3 Fire Sprinkler Plan – North
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Floor 3 Fire Sprinkler Plan – South
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Roof Fire Sprinkler Plan – North
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Roof Sprinkler Plan – South
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Appendix C: Sprinkler Specification Sheets
TY-FRB Quick-Response

Series TY-FRB — 2.8, 4.2, 5.6, and 8.0 K-Factor Upright,
Pendent, and Recessed Pendent Sprinklers Quick
Response, Standard Coverage
General
Description
The TYCO Series TY-FRB, 2.8, 4.2,
5.6, and 8.0 K-factor, Upright, Pendent,
and Recessed Pendent Sprinklers
described in this data sheet are quick
response, standard coverage, decorative 3 mm glass bulb-type spray
sprinklers designed for use in light or
ordinary hazard, commercial occupancies such as banks, hotels, and shopping malls.
The recessed version of the Series TYFRB
Pendent
Sprinkler,
where
applicable, is intended for use in areas
with a finished ceiling. This recessed
pendent sprinkler uses one of the
following:
• A two-piece Style 10 (1/2 inch NPT)
or Style 40 (3/4 inch NPT) Recessed
Escutcheon with 1/2 inch (12,7 mm)
of recessed adjustment or up to 3/4
inch (19,1 mm) of total adjustment
from the flush pendent position, or a
• A two-piece Style 20 (1/2 inch NPT)
or Style 30 (3/4 inch NPT) Recessed
Escutcheon with 1/4 inch (6,4 mm) of
recessed adjustment or up to 1/2 inch
(12,7 mm) of total adjustment from
the flush pendent position.
The adjustment provided by the
Recessed Escutcheon reduces the
accuracy to which the fixed pipe drops
to the sprinklers must be cut.
Corrosion- resistant coatings, where
applicable, are utilized to extend the life of
copper alloy sprinklers beyond that which
would otherwise be obtained

IMPORTANT
Always refer to Technical Data Sheet
TFP700
for
the
“INSTALLER
WARNING” that provides cautions
with respect to handling and installation of sprinkler systems and components. Improper handling and
installation can permanently damage
a sprinkler system or its compo-nents
and cause the sprinkler to fail to

operate in a fire situation or cause it to
operate prematurely.

when exposed to corrosive atmospheres.
Although
corrosionresistant coated sprinklers have
passed the standard corrosion
tests of the appli-cable approval
agencies, the testing is not
representative of all possible corrosive
atmospheres.
Consequently, it is recommended
that the end user be consulted with
respect to the suit-ability of these
coatings for any given corrosive
environment. The effects of
ambient
temperature,
concentration of chemicals, and
gas/chemical velocity, should be
considered, as a minimum, along
with the corrosive nature of the
chemical to which the sprinklers will
be exposed.
An intermediate level of the Series
TY-FRB Pendent Sprinklers is
detailed in Technical Data Sheet
TFP356, and Sprinkler Guards are
detailed in Tech-nical Data Sheet
TFP780.

The Series TY-FRB, 2.8, 4.2, 5.6,
and 8.0 K-factor, Upright, Pendent,
and Recessed Pendent Sprinklers
described herein must be installed
and maintained in compliance with
this document and with the applicable standards of the National Fire
Pro-tection Association, in addition to
the standards of any authorities
having jurisdiction. Failure to do so
may impair the performance of these
devices.

The owner is responsible for
maintain-ing their fire protection
system and devices in proper
operating condition. The installing
contractor
or
sprinkler
manufacturer should be contacted
with any questions.
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Sprinkler
Identification
Number (SIN)
TY1131 - Upright 2.8K, 1/2˝ NPT
TY1231 - Pendent 2.8K, 1/2˝ NPT
TY2131 - Upright 4.2K, 1/2˝ NPT
TY2231 - Pendent 4.2K, 1/2˝ NPT
TY3131 - Upright 5.6K, 1/2˝ NPT
TY3231 - Pendent 5.6K, 1/2˝ NPT
TY4131 - Upright 8.0K, 3/4˝ NPT
TY4231 - Pendent 8.0K, 3/4˝ NPT
TY4831 - Upright 8.0K, 1/2˝ NPT
TY4931 - Pendent 8.0K, 1/2˝ NPT
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* Temperature

** Pipe thread connections per

rating is indicated
on De ector.

ISO 7-1 can be provided on
special request.

ESCUTCHEON
PLATE SEATING
SURFACE

1 - Frame
2 - Button

3 - Sealing
5 - Compression
Assembly
Screw
4 - Bulb
6 - De ector *
7 - Bushing
7

1
7/16"
(11,1 mm)
NOMINAL
MAKE-IN
2-3/16"
(55,6 mm)

3
2-1/4"
(57,2 mm)

2
4

1-9/16"
(39,7 mm)

5
6*

1/2" NPT**

WRENCH
FLATS

UPRIGHT

STYLE 10 or 20
RECESSED
PENDENT ESCUTCHEON

2-7/8" (73,0 mm) DIA.
RECESSED PENDENT

CROSS SECTION

FIGURE 1
QUICK RESPONSE SERIES TY-FRB UPRIGHT (TY1131) AND PENDENT (TY1231) SPRINKLERS
2.8 K-FACTOR, 1/2 INCH NPT

* Temperature rating

** Pipe thread connections per

is indicated on
De ector.

ISO 7-1 can be provided on
special request.

ESCUTCHEON
PLATE SEATING
SURFACE

1 - Frame
2 - Button

3 - Sealing 5 - Compression
Assembly
Screw
6 - De ector *
4 - Bulb
1
3

7/16"
(11,1 mm)
NOMINAL
MAKE-IN
2-3/16"
(55,6 mm)

2

2-3/16"
(55,6 mm)

4

1-1/2"
(38,1 mm)

5
6*

1/2" NPT**

WRENCH
FLATS

UPRIGHT

PENDENT

STYLE 10 or 20
RECESSED
ESCUTCHEON

2-7/8" (73,0 mm) DIA.
RECESSED PENDENT

CROSS SECTION

FIGURE 2
QUICK RESPONSE SERIES TY-FRB UPRIGHT (TY2131) AND PENDENT (TY2231) SPRINKLERS
4.2 K-FACTOR, 1/2 INCH NPT

* Temperature

** Pipe thread connections per

rating is indicated
on De ector.

ISO 7-1 can be provided on
special request.

ESCUTCHEON
PLATE SEATING
SURFACE

1 - Frame
2 - Button

3 - Sealing
5 - Compression
Assembly
Screw
4 - Bulb

6 - De ector *

1

7/16"
(11,1 mm)
NOMINAL
MAKE-IN
2-3/16"
(55,6 mm)
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3
2-3/16"
(55,6 mm)
1-1/2"
(38,1 mm)

2
4
5

1/2" NPT**
UPRIGHT

WRENCH
FLATS

STYLE 10 or 20
RECESSED

PENDENTESCUTCHEON

6*

2-7/8" (73,0 mm) DIA.
RECESSED PENDENT

CROSS SECTION

FIGURE 3
QUICK RESPONSE SERIES TY-FRB UPRIGHT (TY3131) AND PENDENT (TY3231) SPRINKLERS
5.6 K-FACTOR, 1/2 INCH NPT
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* Temperature rating

** Pipe thread connections per

is indicated on
De ector.

ESCUTCHEON
PLATE SEATING
SURFACE

ISO 7-1 can be provided on
special request.

1 - Frame
2 - Button

3 - Sealing 5 - Compression
Assembly
Screw
4 - Bulb
6 - De ector *
1

1/2"
(12,7 mm)
NOMINAL
MAKE-IN

3
2-5/16"
(58,7 mm)

2-1/4"
(57,2 mm)

3/4" NPT**

4

1-9/16"
(39,7 mm)

WRENCH
FLATS

UPRIGHT

2

PENDENT

5

STYLE 30 or 40
RECESSED
ESCUTCHEON

6*

2-7/8" (73,0 mm) DIA.
RECESSED PENDENT

CROSS SECTION

FIGURE 4
QUICK RESPONSE SERIES TY-FRB UPRIGHT (TY4131) AND PENDENT (TY4231) SPRINKLERS
8.0 K-FACTOR, 3/4 INCH NPT

CEILING PLATE
SEATING SURFACE
1
3

7/16"
(11,1 mm)
NOMINAL
MAKE-IN

2-1/4"
(57,2 mm)

2

1-9/16"
(39,7 mm)

4

indicated on De ector.

5

** Pipe thread connections

6*
UPRIGHT

5 - Compression
Screw
6 - De ector *

* Temperature rating is

2-3/16"
(55,6 mm)

1/2" NPT **

1 - Frame
2 - Button
3 - Sealing
Assembly
4 - Bulb

WRENCH
FLATS

PENDENT

per ISO 7-1 can be
provided on special
request.

CROSS SECTION

FIGURE 5
QUICK RESPONSE SERIES TY-FRB UPRIGHT (TY4831) AND PENDENT (TY4931) SPRINKLERS
8.0 K-FACTOR, 1/2 INCH NPT

WRENCH
RECESS
WRENCH RECESS
(END "A" USED FOR
1/2" NPT MODELS)

WRENCH RECESS
(END "B" USED FOR
3/4" NPT MODELS)

FIGURE 6
W-TYPE 6 SPRINKLER
WRENCH

PUSH WRENCH
IN TO ENSURE
ENGAGEMENT
WITH SPRINKLER
WRENCHING AREA

FIGURE 7
W-TYPE 7 RECESSED

82

SPRINKLER WRENCH
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Technical
Data

Design
Criteria

Approvals

The TYCO Series TY-FRB, 2.8, 4.2, 5.6,
and 8.0 K-factor, Upright, Pendent, and
Recessed Pendent Sprinklers are
intended for fire protection systems
designed in accordance with the standard installation rules recognized by the
applicable Listing or Approval agency
(such as, UL Listing is based on the
requirements of NFPA 13, and FM
Approval is based on the require-ments of
FM’s Loss Prevention Data Sheets). Only
the Style 10, 20, 30, or 40 Recessed
Escutcheon, as applica-ble, is to be used
for recessed pendent installations.

UL and C-UL Listed
FM, LPCB, and NYC Approved
Refer to Table A and B for complete
approval information including corrosionresistant status.

Maximum Working Pressure
Refer to Table C.

Discharge Coefficient
½

½

K=2.8 gpm/psi
(40,3 lpm/bar )
½ (60,5 lpm/bar½)
K=4.2 gpm/psi
½ (80,6 lpm/bar½)
K=5.6 gpm/psi
½
½
K=8.0 gpm/psi (115,2 lpm/bar )

Temperature Rating

Installation

Refer to Table A and B.

Finishes
Sprinkler: Refer to Table D.
Recessed Escutcheon: Signal or Pure
White, Jet Black, Chrome Plated, or
Natural Brass

Physical Characteristics
Frame

�������������������������������������������������������Bronze

Button ������������������������������������������� Brass/Copper Sealing Assembly. .
Beryllium

Nickel

w/TEFLON

Bulb

������������������������������������������������������������� Glass
Compression

Screw

���������������������������������Bronze

�������������������������������������

Copper/Bronze

Bushing

Deflector
(K=2.8)

�����������������������������������������Bronze

Operation
The glass bulb contains a fluid that
expands when exposed to heat. When
the rated temperature is reached, the
fluid expands sufficiently to shatter the
glass bulb, allowing the sprinkler to
activate and water to flow.

The TYCO Series TY-FRB, 2.8, 4.2,
5.6, and 8.0 K-factor, Upright, Pendent,
and Recessed Pendent Sprinklers must
be installed in accordance with this
section.
General Instructions
Do not install any bulb- type sprinkler if
the bulb is cracked or there is a loss of
liquid from the bulb. With the sprin-kler
held horizontally, a small air bubble
should be present. The diameter of the
air bubble is approximately 1/16 inch
(1,6 mm) for the 135°F (57°C) and 3/32
inch (2,4 mm) for the 286°F (141°C)
tem-perature ratings.
A leak-tight 1/2 inch NPT sprinkler joint
should be obtained by applying a
minimum to maximum torque of 7 to 14
ft.-lbs. (9,5 to 19,0 Nm). A leak tight 3/4
inch NPT sprinkler joint should be
obtained with a torque of 10 to 20 ft.-lbs.
(13,4 to 26,8 Nm). Higher levels of
torque can distort the sprinkler Inlet with
consequent leakage or impairment of
the sprinkler.

Do not attempt to compensate for
insufficient adjustment in the Escutcheon Plate by under- or over-tightening
the sprinkler. Re-adjust the position of
the sprinkler fitting to suit.
Series TY-FRB Upright and Pendent
Sprinklers
The Series TY-FRB Pendent and
Upright Sprinklers must be installed in
accordance
with
the
following
instructions.
Step 1. Install Pendent sprinklers in the
pendent position. Install upright sprinklers in the upright position.
Step 2. With pipe -thread sealant
applied to the pipe threads, handtighten the sprinkler into the sprinkler
fitting.
Step 3. Tighten the sprinkler into the
sprinkler fitting using only the W-Type 6
Sprinkler Wrench (Figure 6). With reference to Figures 1 through 5, apply the
W-Type 6 Sprinkler Wrench to the
sprinkler wrench flats.
Series TY-FRB Recessed Pendent
Sprinklers
The Series TY-FRB Recessed Pendent
Sprinklers must be installed in accordance with the following instructions.

Step A. After installing the Style 10, 20,
30, or 40 Mounting Plate, as applicable, over the sprinkler threads and with
pipe-thread sealant applied to the pipe
threads, hand-tighten the sprinkler into
the sprinkler fitting.
Step B. Tighten the sprinkler into the
sprinkler fitting using only the W-Type 7
Recessed Sprinkler Wrench (Figure 7).
With reference to Figures 1 to 4, apply the
W-Type 7 Recessed Sprinkler Wrench to
the sprinkler wrench flats.

Step C. After ceiling installation and
finishing, slide on the Style 10, 20, 30,
or 40 Closure over the Series TY-FRB
Sprinkler and push the Closure over the
Mounting Plate until its flange comes in
contact with the ceiling.
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SPRINKLER FINISH (See Note 5)
K
FACTOR

2.8
1/2” NPT

TYPE

TEMPERATURE

BULB LIQUID
COLOR

135°F (57°C)

Orange

PENDENT
(TY1231)
and
UPRIGHT
(TY1131)

155°F (68°C)

Red

175°F (79°C)

Yellow

200°F (93°C)
286°F (141°C)

Green
Blue

RECESSED
PENDENT
(TY1231)*

Figure 8

RECESSED
PENDENT
(TY1231)**

Figure 9

PENDENT
(TY2231)
and
UPRIGHT
(TY2131)

4.2

1/2” NPT

RECESSED
PENDENT
(TY2231)*

Figure 10

RECESSED
PENDENT
(TY2231)**

Figure 11

135°F (57°C)

Orange

155°F (68°C)

Red

175°F (79°C)

Yellow

200°F (93°C)

Green

135°F (57°C)

Orange

155°F (68°C)
175°F (79°C)

Red
Yellow

200°F (93°C)

Green

135°F (57°C)

Orange

155°F (68°C)

Red

175°F (79°C)

Yellow

200°F (93°C)
286°F (141°C)

Green
Blue

135°F (57°C)

Orange

155°F (68°C)

Red

175°F (79°C)

Yellow

200°F (93°C)

Green

135°F (57°C)

Orange

155°F (68°C)
175°F (79°C)

Red
Yellow

200°F (93°C)

Green

NATURAL
BRASS

CHROME
PLATED

POLYESTER***

1, 2, 3, 4

1, 2, 4

1, 2

NOTES:
1. Listed by Underwriters Laboratories, Inc., (UL) as Quick Response Sprinklers.
2. Listed by Underwriters Laboratories, Inc., for use in Canada (C-UL) as Quick Response Sprinklers.
3. Approved by Factory Mutual Research Corporation (FM) as Quick Response Sprinklers.
4. Approved by the City of New York under MEA 354-01-E.
5. Where Polyester Coated Sprinklers are noted to be UL and C-UL Listed, the sprinklers are UL and C-UL Listed as Corrosion-Resistant Sprinklers. *
Installed with Style 10 (1/2” NPT) or Style 40 (3/4” NPT) 3/4” Total Adjustment Recessed Escutcheon, as applicable.
** Installed with Style 20 (1/2” NPT) or Style 30 (3/4” NPT) 1/2” Total Adjustment Recessed Escutcheon, as applicable.
*** Frame and Deflector only.
N/A: Not Available

TABLE A
LABORATORY LISTINGS AND APPROVALS FOR
2.8 AND 4.2 K-FACTOR SPRINKLERS
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SPRINKLER FINISH (See Note 8)
K
FACTOR

TYPE
PENDENT
(TY3231)
and
UPRIGHT
(TY3131)

5.6

1/2” NPT

RECESSED
PENDENT
(TY3231)*

Figure 12

RECESSED
PENDENT
(TY3231)**

Figure 13

PENDENT
(TY4231)
and
UPRIGHT
(TY4131)

8.0

3/4” NPT

RECESSED
PENDENT
(TY4231)*

Figure 14

RECESSED
PENDENT
(TY4231)**

Figure 15

8.0
1/2” NPT

PENDENT
(TY4931)
and
UPRIGHT
(TY4831)

TEMPERATURE

BULB LIQUID
COLOR

135°F (57°C)

Orange

155°F (68°C)
175°F (79°C)

Red
Yellow

200°F (93°C)
286°F (141°C)
135°F (57°C)
155°F (68°C)

Green
Blue
Orange
Red

175°F (79°C)
200°F (93°C)
286°F (141°C)
135°F (57°C)
155°F (68°C)

NATURAL
BRASS

CHROME
PLATED

POLYESTER***

LEAD
COATED

1, 2, 3, 4, 5, 6, 7

1, 2, 3, 5

Yellow
Green
Blue
Orange
Red

1, 2, 4, 5

N/A

175°F (79°C)
200°F (93°C)
286°F (141°C)
135°F (57°C)

Yellow
Green
Blue
Orange

1, 2, 3, 4, 5

N/A

155°F (68°C)
175°F (79°C)

Red
Yellow

1, 2, 3, 4, 5, 6, 7

1, 2, 5

200°F (93°C)
286°F (141°C)
135°F (57°C)
155°F (68°C)

Green
Blue
Orange
Red

175°F (79°C)
200°F (93°C)
286°F (141°C)
135°F (57°C)
155°F (68°C)

Yellow
Green
Blue
Orange
Red

1, 2, 5

N/A

175°F (79°C)
200°F (93°C)
286°F (141°C)
135°F (57°C)

Yellow
Green
Blue
Orange

1, 2, 3, 5

N/A

155°F (68°C)
175°F (79°C)

Red
Yellow

1, 2, 4, 5, 6

1, 2, 5

200°F (93°C)
286°F (141°C)

Green
Blue

NOTES:
1. Listed by Underwriters Laboratories, Inc., (UL) as Quick Response Sprinklers.
2. Listed by Underwriters Laboratories, Inc., for use in Canada (C-UL) as Quick Response Sprinklers.
3. Approved by Factory Mutual Research Corporation (FM) as Quick Response Sprinklers.
4. Approved by the Loss Prevention Certification Board (LPCB Ref. No. 007k/04) as Quick Response Sprinklers. However, LPCB does not rate the thermal sensitivity of
recessed sprinklers.
5. Approved by the City of New York under MEA 354-01-E.
6. VdS Approved (For details, contact Tyco Fire Suppression & Building Products, Enschede, Netherlands, Tel. 31-53-428-4444/Fax 31-53-428-3377.)
7. Approved by the Loss Prevention Certification Board (LPCB Ref. No. 094a/06) as Quick Response Sprinklers.
8. Where Polyester Coated and Lead-Coated Sprinklers are noted to be UL and C-UL Listed, the sprinklers are UL and C-UL Listed as Corrosion-Resistant Sprinklers. Where
Lead-Coated Sprinklers are noted to be FM Approved, the sprinklers are FM Approved as a Corrosion-Resistant Sprinklers.
* Installed with Style 10 (1/2” NPT) or Style 40 (3/4” NPT) 3/4” Total Adjustment Recessed Escutcheon, as applicable.
** Installed with Style 20 (1/2” NPT) or Style 30 (3/4” NPT) 1/2” Total Adjustment Recessed Escutcheon, as applicable.
*** Frame and Deflector only.
N/A: Not Available

TABLE B
LABORATORY LISTINGS AND APPROVALS FOR
5.6 AND 8.0 K-FACTOR SPRINKLERS
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SPRINKLER FINISH
K
FACTOR

2.8
1/2” NPT

4.2
1/2” NPT

5.6
1/2” NPT

8.0
3/4” NPT

8.0
1/2” NPT

TYPE
PENDENT (TY1231)
and
UPRIGHT (TY1131)

NATURAL
BRASS

CHROME
PLATED

POLYESTER

LEAD
COATED

175 PSI (12,1 BAR)

N/A

175 PSI (12,1 BAR)

N/A

RECESSED
PENDENT (TY1231)
PENDENT (TY2231)
and
UPRIGHT (TY2131)
RECESSED
PENDENT (TY2231)
PENDENT (TY3231)
and
UPRIGHT (TY3131)
RECESSED
PENDENT (TY3231)
PENDENT (TY4231)
and
UPRIGHT (TY4131)

250 PSI (17,2 BAR)
OR 175 PSI (12,1 BAR)
(SEE NOTE 1)

175 PSI
(12,1 BAR)
175 PSI (12,1 BAR)

RECESSED
PENDENT (TY4231)
PENDENT (TY4931)
and
UPRIGHT (TY4831)

N/A

175 PSI (12,1 BAR)

175 PSI
(12,1 BAR)

NOTES:
1. The maximum working pressure of 250 psi (17,2 bar) only applies to the Listing by Underwriters Laboratories Inc. (UL); the Listing by Under-writers
Laboratories, Inc. for use in Canada (C-UL); and, the Approval by the City of New York.

Care and
Maintenance
The TYCO Series TY-FRB must be
maintained and serviced in accordance
with this section.
Before closing a fire protection system
main control valve for maintenance
work on the fire protection system that
it controls, obtain permission to shut
down the affected fire protection
systems from the proper authorities and
notify all personnel who may be
affected by this action.
Absence of the outer piece of an
escutcheon, which is used to cover a
clearance hole, can delay sprinkler
operation in a fire situation.
Sprinklers which are found to be leaking
or exhibiting visible signs of corrosion
must be replaced.
Automatic sprinklers must never be
painted, plated, coated, or other-wise
altered after leaving the factory.
Modified sprinklers must be replaced.

TABLE C
MAXIMUM WORKING PRESSURE
Sprinklers that have been exposed to
corrosive products of combustion, but

have not operated, should be replaced
if they cannot be completely cleaned by
wiping the sprinkler with a cloth or by
brushing it with a soft bristle brush.
Care must be exercised to avoid
damage to the sprinklers before, during,
and after installation. Sprin-klers
damaged by dropping, striking, wrench
twist/slippage, or the like, must be
replaced. Also, replace any sprin-kler
that has a cracked bulb or that has lost
liquid from its bulb. (Ref. Installa-tion
Section.)
The owner is responsible for the
inspection, testing, and maintenance of
their fire protection system and devices in
compliance with this document, as well as
with the applicable standards of the
National Fire Protection Asso-ciation
(e.g., NFPA 25), in addition to the
standards of any other authorities having
jurisdiction. Contact the install-ing
contractor or sprinkler manufac-turer
regarding any questions.

Automatic sprinkler systems are recommended to be inspected, tested, and
maintained by a qualified Inspec-tion
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Service in accordance with local
requirements and/or national codes.

Care must be exercised to avoid
damage to the sprinklers -before,
during, and after installation. Sprinklers damaged by dropping, striking,
wrench twist/slippage, or the like, must
be replaced. Also, replace any sprinkler that has a cracked bulb or that has
lost liquid from its bulb. (Ref. Installation Section).
Initial and frequent visual inspections of
random samples are recommended for
corrosion-resistant sprinklers to verify
the integrity of the corrosion-resistant
material of construction. Thereafter,
annual inspections per NFPA 25 should
suffice.
Inspections
of
corrosion-resistant
sprinklers are recommended at close
range, instead of from the floor level per
NFPA. Inspection at close range can
better determine the exact sprin-kler
condition and the long-term integ-rity of
the corrosion-resistant material, which
can be affected by the corrosive
conditions present.
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5/8±1/4"
(15,9±6,4 mm)
FACE OF
SPRINKLER
FITTING

2-7/8" DIA.
(73,0 mm)
2-1/4" DIA.
(57,2 mm)

3/4" (19,1 mm)

1/2±1/8"

1/4" (6,4 mm)

(12,7±3,2 mm)

MOUNTING
PLATE

FACE OF
SPRINKLER
FITTING

2-7/8" DIA.
(73,0 mm)
2-1/4" DIA.
(57,2 mm)

1/8"
(3,2 mm)

1/4" (6,4 mm)
MOUNTING
PLATE
1/8"
(3,2 mm)

MOUNTING
SURFACE

MOUNTING
SURFACE
CLOSURE

1/2" (12,7 mm)

SERIES
TY-FRB

1-5/16" (33,3 mm)
13/16" (20,6 mm)

CLOSURE

SERIES
TY-FRB

1-5/16" (33,3 mm)
1-1/16" (27,0 mm)

FIGURE 8
SERIES TY-FRB RECESSED PENDENT
WITH TWO-PIECE 3/4 INCH TOTAL ADJUSTMENT
STYLE 10 RECESSED ESCUTCHEON
2.8 K-FACTOR, 1/2 INCH NPT

FIGURE 9
SERIES TY-FRB RECESSED PENDENT
WITH TWO-PIECE 1/2 INCH TOTAL ADJUSTMENT
STYLE 20 RECESSED ESCUTCHEON
2.8 K-FACTOR, 1/2 INCH NPT

2-7/8" DIA.
(73,0 mm)

2-7/8" DIA.
(73,0 mm)

5/8±1/4"
(15,9±6,4 mm)
FACE OF
SPRINKLER
FITTING

2-1/4" DIA.
(57,2 mm)

3/4" (19,1 mm)

1/2±1/8"

1/4" (6,4 mm)

(12,7±3,2 mm)

MOUNTING
PLATE

FACE OF
SPRINKLER
FITTING

2-1/4" DIA.
(57,2 mm)

1/4" (6,4 mm)
MOUNTING
PLATE
1/8"
(3,2 mm)

1/8"
(3,2 mm)

MOUNTING
SURFACE

MOUNTING
SURFACE
CLOSURE

1/2" (12,7 mm)

SERIES
TY-FRB

1-1/4" (31,8 mm)
3/4" (19,1 mm)

FIGURE 10
SERIES TY-FRB RECESSED PENDENT WITH
TWO-PIECE 3/4 INCH TOTAL ADJUSTMENT
STYLE 10 RECESSED ESCUTCHEON
4.2 K-FACTOR, 1/2 INCH NPT

CLOSURE

SERIES
TY-FRB

1-1/4" (31,8 mm)
1" (25,4 mm)

FIGURE 11
SERIES TY-FRB RECESSED PENDENT WITH
TWO-PIECE 1/2 INCH TOTAL ADJUSTMENT
STYLE 20 RECESSED ESCUTCHEON
4.2 K-FACTOR, 1/2 INCH NPT
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5/8±1/4"
(15,9±6,4 mm)
FACE OF
SPRINKLER
FITTING

2-7/8" DIA.
(73,0 mm)
2-1/4" DIA.
(57,2 mm)

3/4" (19,1 mm)

1/2±1/8"

1/4" (6,4 mm)

(12,7±3,2 mm)

MOUNTING
PLATE

FACE OF
SPRINKLER
FITTING

2-7/8" DIA.
(73,0 mm)
2-1/4" DIA.
(57,2 mm)

1/8"
(3,2 mm)

1/4" (6,4 mm)
MOUNTING
PLATE
1/8"
(3,2 mm)

MOUNTING
SURFACE

MOUNTING
SURFACE
CLOSURE

1/2" (12,7 mm)

SERIES
TY-FRB

1-1/4" (31,8 mm)
3/4" (19,1 mm)

CLOSURE

SERIES
TY-FRB

1-1/4" (31,8 mm)
1" (25,4 mm)

FIGURE 12
SERIES TY-FRB RECESSED PENDENT
WITH TWO-PIECE 3/4 INCH TOTAL ADJUSTMENT
STYLE 10 RECESSED ESCUTCHEON
5.6 K-FACTOR, 1/2 INCH NPT

FIGURE 13
SERIES TY-FRB RECESSED PENDENT
WITH TWO-PIECE 1/2 INCH TOTAL ADJUSTMENT
STYLE 20 RECESSED ESCUTCHEON
5.6 K-FACTOR, 1/2 INCH NPT

2-7/8" DIA.
(73,0 mm)

2-7/8" DIA.
(73,0 mm)

5/8±1/4"
(15,9±6,4 mm)
FACE OF
SPRINKLER
FITTING

2-1/4" DIA.
(57,2 mm)

3/4" (19,1 mm)
1/4" (6,4 mm)
MOUNTING
PLATE

1/2±1/8"
(12,7±3,2 mm)
FACE OF
SPRINKLER
FITTING

2-1/4" DIA.
(57,2 mm)

1/8"
(3,2 mm)

1/4" (6,4 mm)
MOUNTING
PLATE
1/8"
(3,2 mm)

MOUNTING
SURFACE

MOUNTING
SURFACE
CLOSURE

1/2" (12,7 mm)

SERIES
TY-FRB

1-5/16" (33,3 mm)
13/16" (20,6 mm)

FIGURE 14
SERIES TY-FRB RECESSED PENDENT WITH
TWO-PIECE 3/4 INCH TOTAL ADJUSTMENT
STYLE 40 RECESSED ESCUTCHEON
8.0 K-FACTOR, 3/4 INCH NPT

CLOSURE

SERIES
TY-FRB

1-5/16" (33,3 mm)
1-1/16" (27,0 mm)

FIGURE 15
SERIES TY-FRB RECESSED PENDENT WITH
TWO-PIECE 1/2 INCH TOTAL ADJUSTMENT
STYLE 30 RECESSED ESCUTCHEON
8.0 K-FACTOR, 3/4 INCH NPT

90

TFP171
Page 10 of 10

P/N 57 – XXX – X – XXX
SIN

SPRINKLER

TEMPERATURE

FINISH

RATINGS

330

2.8K UPRIGHT (1/2”NPT)

TY1131

1

331

2.8K PENDENT (1/2”NPT)

TY1231

3

340

4.2K UPRIGHT (1/2”NPT)

TY2131

4

PURE WHITE
POLYESTER (RAL9010)1
SIGNAL WHITE
POLYESTER (RAL9003)

341

4.2K PENDENT (1/2”NPT)

TY2231

5

370

5.6K UPRIGHT (1/2”NPT)

TY3131

371

5.6K PENDENT (1/2”NPT)

TY3231

390

8.0K UPRIGHT (3/4”NPT)

TY4131

391

8.0K PENDENT (3/4”NPT)

TY4231

360

8.0K UPRIGHT (1/2”NPT)

TY4831*

361

8.0K PENDENT (1/2”NPT)

TY4931*

NATURAL BRASS

135

135°F (57°C)

155

155°F (68°C)

175

175°F (79°C)

JET BLACK
POLYESTER (RAL9005)2

200

200°F (93°C)

7

LEAD COATED

286

286°F (141°C)

9

CHROME PLATED

NOTES:
1. Eastern Hemisphere sales only.
2. Available in only 2.8K, 4.2K, and 8.0K, 155°F (68°C)
and 200°F (93°C); requires lead time to manufacture.

TABLE D
SERIES TY-FRB PENDENT AND UPRIGHT SPRINKLERS
PART NUMBER SELECTION

Limited
Warranty

Ordering
Procedure

For warranty terms and conditions,
visit www.tyco-fire.com.

Contact your local distributor for
availability. When placing an order,
indicate the full product name and Part
Number (P/N).
Sprinkler Assemblies with NPT
Thread Connections
Specify: Series TY-FRB (Specify SIN),
(specify K-factor), (specify Pendent or
Upright) Sprinkler (specify) temperature
rating, (specify) finish or coating, P/N
(specify from Table D)
Recessed Escutcheon
Specify: Style (10, 20, 30, or 40)
Recessed Escutcheon with (specify*)
finish, P/N (specify*)
Sprinkler Wrench
Specify: W-Type 6 Sprinkler Wrench,
P/N 56-000-6-387
Specify: W-Type 7 Sprinkler Wrench,
P/N 56-850-4-001
* Refer to Technical Data Sheet TFP770
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Tyco TY-L

Series TY-L — 5.6 and 8.0 K-factor
Upright, Pendent, and Recessed Pendent Sprinklers
Standard Response, Standard Coverage
operate prematurely.

General
Description
The TYCO Series TY-L, 5.6 and 8.0 Kfactor, Upright, Pendent, and Recessed
Pendent Sprinklers described in this
data sheet are stan-dard response,
standard coverage, solder type spray
sprinklers designed for use in light,
ordinary, and extra hazard, commercial
occupancies such as banks, hotels,
shopping malls, fac-tories, refineries,
chemical plants, etc.
The recessed version of the Series TY-L
Pendent Sprinkler, where appli-cable, is
intended for use in areas with a finished
ceiling. It uses a two-piece Style 20 (1/2
inch NPT) or Style 30 (3/4 inch NPT)
Recessed Escutcheon. The Recessed
Escutcheon provides 1/4 in. (6,4 mm) of
recessed adjustment or up to 1/2 in. (12,7
mm) of total adjustment from the flush
pendent position. The adjustment
provided by the Recessed Escutcheon
reduces the accuracy to which the fixed
pipe drops to the sprin-klers must be cut.
Corrosion resistant coatings, where
applicable, are utilized to extend the life of
copper alloy sprinklers beyond that which
would otherwise be obtained when
exposed to corrosive atmo-spheres.
Although corrosion resistant coated
sprinklers have passed the standard
corrosion tests of the appli-cable approval
agencies, the testing is not representative
of all possible cor-rosive atmospheres.
Consequently, it is recommended that the
end user be consulted with respect to the
suit-ability of these coatings for any given

IMPORTANT
Always refer to Technical Data Sheet
TFP700
for
the
“INSTALLER
WARNING” that provides cautions
with respect to handling and installation of sprinkler systems and components. Improper handling and
installation can permanently damage
a sprinkler system or its compo-nents
and cause the sprinkler to fail to
operate in a fire situation or cause it to

93

corrosive environment. The effects of
ambient temperature, concentration of
chemicals, and gas/chemical velocity,
should be considered, as a minimum,
along with the corrosive nature of the
chemical to which the sprinklers will be
exposed.
An intermediate level version of the
Series TY-L Pendent Sprinkler can be
obtained by utilizing the Series TY-L
Pendent Sprinkler in combination with
the Model S Shield.

The TYCO Series TY-L, 5.6 and 8.0 Kfactor, Upright and Pendent Sprin-klers
described herein must be installed and
maintained in compliance with this
document, as well as with the
applicable standards of the National
Fire Protection Association, in addition
to the standards of any other authorities having jurisdiction. Failure to do so
may impair the performance of these
devices.
The owner is responsible for maintaining their fire protection system and

Page 1 of 6

devices in proper operating con-dition.
Contact the installing contrac-tor or
product
manufacturer
with
any
questions.

Sprinkler
Identification
Number (SIN)
TY3111. . . . . . Upright 5..6K, 1/2” NPT
TY3211 . . . . . Pendent 5..6K, 1/2” NPT
TY4111. . . . . Upright 8..0K, 3/4” NPT
TY4211.. .. .. .. .. Pendent 8..0K, 3/4” NPT
TY4811 . . . . . .Upright 8..0K, 1/2” NPT
TY4911 . . . . . Pendent 8..0K, 1/2” NPT

TY3111 is a re-designation for S1800
and G3111.
TY3211 is a re-designation for S1801
and G3112.
TY4111 is a re-designation for S1810
and G3101.
TY4211 is a re-designation for S1811
and G3102.
TY4811 is a re-designation for S1805.
TY4911 is a re-designation for S1806.
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* Temperature rating

** Pipe thread connections per

is indicated on
De ector.

ESCUTCHEON
PLATE SEATING
SURFACE

ISO 7-1 can be provided on
special request.

1 - Frame
2 - Sealing
Button

3 - Ejection
Spring
4 - Fusible
Element

5 - Strut
6 - Hook
7 - De ector *
1

WRENCH
AREA

2-5/8"
(66,7 mm)
7/16"

2-5/8"
(66,7 mm)

(11,1 mm)
NOMINAL
MAKE-IN

2
4

3

2"
(50,8 mm)

STYLE 20
RECESSED
ESCUTCHEON

5

6

1/2" NPT**

WRENCH
FLANGES

UPRIGHT

7*

2-7/8" (73,0 mm) DIA.
PENDENT

RECESSED PENDENT

CROSS SECTION

FIGURE 1
STANDARD RESPONSE SERIES TY-L UPRIGHT (TY3111) AND PENDENT (TY3211) SPRINKLERS
5.6 K-FACTOR, 1/2 INCH NPT

* Temperature rating

** Pipe thread connections per

is indicated on
De ector.

ISO 7-1 can be provided on
special request.

ESCUTCHEON
PLATE SEATING
SURFACE

1 - Frame
2 - Sealing
Button

3 - Ejection
Spring
4 - Fusible
Element

5 - Strut
6 - Hook
7 - De ector *
1

WRENCH
AREA

2-11/16"
(68,3 mm)
1/2"
(12,7 mm)
NOMINAL
MAKE-IN

2-11/16"
(68,3 mm)

2
4

3

2"
(50,8 mm)

STYLE 30
RECESSED
ESCUTCHEON

5
6

3/4" NPT**
UPRIGHT

WRENCH
FLANGES

7*

2-7/8" (73,0 mm) DIA.
PENDENT

RECESSED PENDENT

CROSS SECTION

FIGURE 2
STANDARD RESPONSE SERIES TY-L UPRIGHT (TY4111) AND PENDENT (TY4211) SPRINKLERS
8.0 K-FACTOR, 3/4 INCH NPT
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* Temperature rating

** Pipe thread connections per

is indicated on
De ector.

ESCUTCHEON
PLATE SEATING
SURFACE

ISO 7-1 can be provided on
special request.

1 - Frame
2 - Sealing
Button

3 - Ejection
Spring
4 - Fusible
Element

5 - Strut
6 - Hook
7 - De ector *

WRENCH
AREA

2-5/8"
(66,7 mm)
7/16"

2-5/8"
(66,7 mm)

(11,1 mm)
NOMINAL
MAKE-IN

3

2"
(50,8 mm)

STYLE 20
RECESSED
ESCUTCHEON

1
2
4
5

6

1/2" NPT**

WRENCH
FLANGES

7*

2-7/8" (73,0 mm) DIA.

UPRIGHT

PENDENT

RECESSED PENDENT

CROSS SECTION

FIGURE 3
STANDARD RESPONSE SERIES TY-L UPRIGHT (TY4811) AND PENDENT (TY4911) SPRINKLERS
8.0 K-FACTOR, 1/2 INCH NPT

Technical
Data

Design
Criteria

Approvals

The TYCO Series TY-L, 5.6 and 8.0 Kfactor, Upright, Pendent, and Recessed
Pendent Sprinklers are intended for fire
protection
systems
designed
in
accordance with the stan-dard installation
rules recognized by the applicable Listing
or Approval agency (e.g., UL Listing is
based on the require-ments of NFPA 13,
and FM Approval is based on the
requirements of FM’s Loss Prevention
Data Sheets). Only the Style 20 or 30
Recessed Escutch-eon, as applicable,
are to be used for recessed pendent
installations.

UL and C-UL Listed. FM, and LPCB
Approved. (Refer to Table A for complete
approval information including corrosion
resistant status.)

Maximum Working Pressure
175 psi (12,1 bar)

Discharge Coefficient
K=5.6 GPM/psi½ (80,6 LPM/bar½)
K=8.0 GPM/psi½ (115,2 LPM/bar½)

Temperature Ratings
Refer to Table A

Finishes

Installation

Sprinkler: Refer to Table A Recessed
Escutcheon: White Coated, Chrome
Plated, or Brass Plated

Physical Characteristics
Frame

���������������������������������������������������������Brass

����������������������Bronze

w/TEFLON

Ejection

Spring

����������������������������

Sealing

Stainless

Button

Steel

Strut

��������������������������������������������������������MONEL Hook. . . . . . . . . . . Bronze/MONEL Deflector

���������������������������������������������������Bronze

Fusible

Element

��������������������������Solder, Copper,

Stainless Steel

Operation
A copper tube sealed by two stainless
steel balls holds a fusible alloy. When
the rated temperature is reached, the
alloy melts, the balls are forced toward
each other releasing the tension mechanism, allowing the sprinkler to operate.

The TYCO Series TY-L, 5.6 and 8.0 Kfactor, Upright, Pendent, and Recessed
Pendent Sprinklers must be installed in
accordance with this section:
A leak tight 1/2 inch NPT sprinkler joint
should be obtained with a torque of 7 to
14 ft.-lbs. (9,5 to 19,0 Nm). A leak tight
3/4 inch NPT sprinkler joint should be
obtained with a torque of 10 to 20 ft.-lbs.
(13,4 to 26,8 Nm). Higher levels of
torque may distort the sprinkler inlet
and cause leakage or impairment of the
sprinkler.
Do not attempt to make- up for insufficient adjustment in the escutcheon
plate by under- or over-tightening the
sprinkler. Readjust the position of the
sprinkler fitting to suit.

Series TY-L Pendent and Upright
Sprinkler Installation
The Series TY-L Pendent and Upright
Sprinklers must be installed in accordance with this section.
Pendent sprinklers are to be installed in
the pendent position, and upright
sprinklers are to be installed in the
upright position.
Step 1. With pipe thread sealant
applied to the pipe threads, hand
tighten the sprinkler into the sprinkler
fitting.
Step 2. Tighten the sprinkler into the
sprinkler fitting using only the W-Type 9
Sprinkler Wrench (Ref. Figure 7),
except that an 8 or 10 inch adjust-able
Crescent wrench is to be used for wax
coated sprinklers. With refer-ence to
Figures 1, 2, and 3, the W-Type 9
Sprinkler Wrench is to be applied to the
wrench area, or as applicable, the
adjustable Crescent wrench is to be
applied to the wrenching flanges.
When installing wax coated sprinklers
with the adjustable Crescent wrench,
additional care needs to be exercised to
prevent damage to the wax coating on the
sprinkler wrench flats or frame arms and,
consequently, exposure of bare metal to
the corrosive environ-ment. The jaws of
the wrench should be opened sufficiently
wide to pass over the wrench flats without
damaging the wax coating. Before wrench
tightening the sprinkler, the jaws of the
wrench are to be adjusted to just contact
the sprin-kler wrench flats. After wrench
tight-ening the sprinkler, loosen the
wrench jaws before removing the wrench.
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K

5.6
1/2”
NPT

Type

Pendent (TY3211)
and
Upright (TY3111)
Recessed Pendent
(TY3211 w/Style 20)

Pendent (TY4211)
8.0
3/4”
NPT

Sprinkler Finish

Frame
Color

Code

165°F (74°C)

Unpainted

212°F (100°C)

White

Natural
Brass

Chrome
Plated

Lead
Coated

Wax
Coated

Wax Over
Lead Coated

1, 2, 3
1, 2, 3, 5

280°F (138°C)

Blue

165°F (74°C)

Unpainted

1, 2, 3, 5

1, 2

212°F (100°C)

White

1, 2, 3, 5

165°F (74°C)

Unpainted

212°F (100°C)

White

280°F (138°C)
165°F (74°C)

Blue
Unpainted

212°F (100°C)
280°F (138°C)

White
Blue

4

N/A

N/A
1, 2, 3

1, 2, 3
1, 2

4

N/A

1, 2, 3
Upright (TY4111)
Recessed Pendent
(TY4211 w/Style 30)

8.0
1/2”
NPT

Temp.
Rating

Pendent (TY4911)
and
Upright (TY4811)
Recessed Pendent
(TY4911 w/Style 20)

165°F (74°C)

Unpainted

212°F (100°C)

White

165°F (74°C)

Unpainted

212°F (100°C)

White

280°F (138°C)

Blue

165°F (74°C)

Unpainted

212°F (100°C)

White

1, 2, 3, 5
1, 2
1, 2, 5

4

N/A

N/A
1, 2, 3

1, 2, 3, 5
1, 2
1, 2

N/A
N/A

NOTES:
1. UL Listed
2. C-UL Listed
3. FM Approved
4. FM Approved for maximum 150°F (68°C) ambient temperatures
5. LPCB Approved (LPCB Ref. No. 094a/03)
N/A: Not Available

TABLE A
LABORATORY LISTINGS AND APPROVALS

After installation, the sprinkler wrench
flats and frame arms must be inspected
and the wax coating retouched
(repaired) whenever the coating has
been damaged and bare metal is
exposed. The wax coating on the
wrench flats can be retouched by gently
applying a heated 1/8 in. diam-eter
steel rod to the areas of wax that have
been damaged, to smooth it back over
areas where bare metal is exposed.

Only retouching of the wax coating
applied to the wrench flats and frame
arms is permitted, and the retouching is
to be performed only at the time of the
initial sprinkler installation.
The steel rod should be heated only to
the point at which it can begin to melt
the wax, and appropriate precau-tions
need to be taken, when handling the
heated rod, in order to prevent the
installer from being burned.
If attempts to retouch the wax coating
with complete coverage are unsuccessful, additional wax can be ordered

in the form of a wax stick (the end of
which is color coded). Only the correct

color coded wax is to be used, and
retouching of wrench flats and frame
arms is only permitted at the time of
initial sprinkler installation. With the
steel rod heated as previously
described, touch the rod to the area
requiring additional wax with the rod
angled downward, and then touch the
wax stick to the rod approximately onehalf inch away from the area requiring
retouching. The wax will melt and run
down onto the sprinkler.
Series TY- L Recessed Pendent
Sprinklers Installation
The Series TY- L Recessed Pendent
Sprinklers must be installed in accordance with this section.
Step A. After installing the Style 20 or
30 Mounting Plate, as applicable, over
the sprinkler threads and with pipe
thread sealant applied to the pipe
threads, hand tighten the sprinkler into
the sprinkler fitting.
Step B. Tighten the sprinkler into the
sprinkler fitting using only the W-Type
10 Recessed Sprinkler Wrench (Ref.
Figure 8). With reference to Figure 1, 2,
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or 3, the W-Type 10 Recessed
Sprinkler Wrench is to be applied to the
sprinkler wrenching flanges.

Step C. After the ceiling has been
installed or the finish coat has been
applied, slide on the Style 20 or 30
Closure over the Series TY-L Sprin-kler
and push the Closure over the
Mounting Plate until its flange comes in
contact with the ceiling.
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7/16±1/8"
(11,1±3,2 mm)

2-7/8" DIA.
(73,0 mm)

1/2" (12,7 mm)
1/4" (6,4 mm)

FACE OF
SPRINKLER
FITTING

2-1/4" DIA.
(57,2 mm)

MOUNTING
PLATE
1/8"
(3,2 mm)

MOUNTING
SURFACE

CLOSURE

1-3/4" (44,5 mm)
1-1/2" (38,1 mm)
TY-L

FIGURE 4
SERIES TY-L (TY3211) RECESSED PENDENT SPRINKLER ASSEMBLY
WITH TWO-PIECE 1/2 INCH TOTAL ADJUSTMENT
STYLE 20 RECESSED ESCUTCHEON 5.6 K-FACTOR, 1/2 INCH NPT
7/16±1/8"
(11,1±3,2 mm)

2-7/8" DIA.
(73,0 mm)

1/2" (12,7 mm)
1/4" (6,4 mm)

FACE OF
SPRINKLER
FITTING

2-1/4" DIA.
(57,2 mm)

MOUNTING
PLATE
1/8"
(3,2 mm)

MOUNTING
SURFACE

CLOSURE

1-3/4" (44,5 mm)
1-1/2" (38,1 mm)
TY-L

FIGURE 5
SERIES TY-L (TY4211) RECESSED PENDENT SPRINKLER ASSEMBLY
WITH TWO-PIECE 1/2 INCH TOTAL ADJUSTMENT
STYLE 30 RECESSED ESCUTCHEON 8.0 K-FACTOR, 3/4 INCH NPT
7/16±1/8"
(11,1±3,2 mm)

2-7/8" DIA.
(73,0 mm)

1/2" (12,7 mm)
1/4" (6,4 mm)

FACE OF
SPRINKLER
FITTING

2-1/4" DIA.
(57,2 mm)

MOUNTING
PLATE
1/8"
(3,2 mm)

MOUNTING
SURFACE

CLOSURE

WRENCH
RECESS

1-3/4" (44,5 mm)
1-1/2" (38,1 mm)
TY-L

FIGURE 6
SERIES TY-L (TY4911) RECESSED PENDENT SPRINKLER ASSEMBLY
WITH TWO-PIECE 1/2 INCH TOTAL ADJUSTMENT
STYLE 20 RECESSED ESCUTCHEON 8.0 K-FACTOR, 1/2 INCH NPT

FIGURE 7
W-TYPE 9 SPRINKLER
WRENCH
WRENCH
RECESS

FIGURE 8
W-TYPE 10 RECESSED
SPRINKLER WRENCH

Care and
Maintenance
The TYCO Series TY-L, 5.6 and 8.0 Kfactor, Upright, Pendent, and Recessed
Pendent Sprinklers must be maintained
and serviced in accordance with this
section.
Before closing a fire protection system
main control valve for maintenance
work on the fire protection system that
it controls, permission to shut down the
affected fire protection system must be
obtained from the proper authorities
and all personnel who may be affected
by this action must be notified.
Absence of an escutcheon, which is
used to cover a clearance hole, may
delay the time to sprinkler operation in
a fire situation.
Sprinklers that are found to be leaking
or exhibiting visible signs of corrosion
must be replaced.
Automatic sprinklers must never be
painted, plated, coated or otherwise
altered after leaving the factory. Modified or over-heated sprinklers must be
replaced. Care must be exercised to
avoid damage to the sprinklers -before,
during, and after installation. Sprinklers
damaged by dropping, striking, wrench
twist/slippage, or the like, must be
replaced.
Frequent visual inspections are recommended to be initially performed for
corrosion resistant coated sprin-klers,
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after the installation has been
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P/N 53 - XXX - X - XXX

SPRINKLER
FINISH

SIN

TEMPERATURE
RATING

111

5.6K UPRIGHT (1/2”NPT)

TY3111

1

NATURAL BRASS

165

165°F (74°C)

112

5.6K PENDENT (1/2”NPT)

TY3211

6

WAX COATED
165°F TO 280°F ONLY

212

212°F (100°C)

101

8.0K UPRIGHT (3/4”NPT)

TY4111

7

LEAD COATED

280

280°F (138°C)

102

8.0K PENDENT (3/4”NPT)

TY4211

8

WAX OVER LEAD
165°F TO 212°F ONLY

106

8.0K UPRIGHT (1/2”NPT)

TY4811

9

CHROME PLATED

107

8.0K PENDENT (1/2”NPT)

TY4911

TABLE B
SERIES TY-L PENDENT AND UPRIGHT SPRINKLERS
PART NUMBER SELECTION
completed, to verify the integrity of the
corrosion resistant coating. Thereafter,
annual inspections per NFPA 25 should
suffice; however, instead of inspecting
from the floor level, a random sampling of
close-up visual inspections should be
made, so as to better determine the exact
sprinkler condition and the long term
integrity of the corrosion resistant coating,
as it may be affected by the corrosive
conditions present.
The owner is responsible for the
inspection, testing, and maintenance of
their fire protection system and devices in
compliance with this document, as well as
with the applicable standards of the
National Fire Protection Asso-ciation
(e.g., NFPA 25), in addition to the
standards of any other authorities having
jurisdiction. Contact the install-ing
contractor or product manufacturer with
any questions.

It is recommended that automatic
sprinkler systems be inspected, tested,
and maintained by a qualified Inspection Service in accordance with local
requirements and/or national codes.

Limited
Warranty
For warranty terms and conditions, visit
www.tyco-fire.com.

Ordering
Procedure
Contact your local distributor for availability. When placing an order, indicate
the full product name and Part Number
(P/N).
Sprinkler Assemblies with NPT
Thread Connections
Specify: Series TY-L (specify SIN),
(specify K- factor), (specify Upright,
Pendent, or Recessed Pendent) Sprinkler, Standard Response, Standard
Coverage, (specify) temperature rating,
(specify) finish or coating, P/N (specify
from Table B)
Recessed Escutcheon
Specify: Style (specify) Recessed
Escutcheon with (specify finish), P/N
(specify):
1/2” (15 mm)
Style 20
Brass Plated . . . . . . . P/N 56-705-2-010 1/2” (15
mm)
Style 20
Signal White (RAL9003) ���������P/N
56-705-4-010 1/2” (15 mm)
Style 20
Chrome Plated . . . . . . P/N 56-705-9-010 3/4” (20
mm)
Style 30
Brass Plated . . . . . . . P/N 56-705-2-011 3/4” (20
mm)
Style 30
Signal White (RAL9003) ���������P/N
56-705-4-011 3/4” (20 mm)
Style 30
Chrome Plated . . . . . . P/N 56-705-9-011

Sprinkler Wrench
Specify: W-Type 9 Sprinkler Wrench,
P/N 56-000-1-849
Specify: W-Type 10 Sprinkler Wrench,
P/N 56-000-1-948
Wax Sticks (for retouching wrench
damaged wax coating)
Specify: Series TY-L Sprinklers,
(specify color), color coded Wax Stick
for retouching, (specify) temperature
rated, P/N (specify):
Red for 165°F (74°C) ���������������

Blue for 212°F (100°C)
and 280°F (138°C) . . .

P/N 56-065-1-155
. . P/N 56-065-1-286

NOTES:
Each wax stick is suitable for retouching up to twenty-five sprinklers.
The wax used for 280°F (138°C) sprinklers is the same as for 212°F (100°C)
sprinklers, and, therefore, the 280°F
(138°C) sprinkler is limited to the same
maximum ceiling temperature as the
212°F (100°C) sprinkler (i.e., 150°F
(65°C)).
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Appendix D: Hanger and Bracing Details
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Appendix E: Hydraulic Calculations
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Appendix F: FireFinder XLS Fire Alarm Control Panel
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Appendix G: FP-11 Smoke Detector
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Appendix H: VESDA System
General Engineering Specification
General
The HSLASD system will consist of a central housing with 15 micro-bore pipes that are routed to the
protected area. The minimum micro-bore pipe length allowed by the system will be 50 m (164 ft),
covering a maximum of 1500 m2 (16150 ft2). The system will actively sample air from this area into the
housing where a laser-based smoke detector is located, with a sensitivity to detect smoke with a density
of 0.001%Obs/m (0.0003%Obs/ft). The optical chamber will be field serviceable without need for
recalibration or speciality equipment. The removable chamber will include a two-stage particle filter.
Alarm states will be shown on the display panel and an audible warning will be given.
The unit will be approved by VdS with EN54-20 compliance, approved by FM and listed by UL.
The unit will be placed at a convenient height for ease of use.
Principal of Operation
The system will use a high performance vacuum pump with a minimum pressure of 0.7 bar to sample air
through micro-bore flexible tubes at near-ambient pressure. The smoke detector will be of an
integrating mass particle detection nephelometer type using a laser as the light source.
The detector will provide a direct (absolute) measurement of obscuration, without attempting relative
scaling or other compensation for contamination of the chamber.
Samples from all inlets (sectors) will be combined as an overall sample in the inlet manifold, filtered, and
fed to the smoke detector. If smoke is detected and the obscuration is determined to exceed a preset
non-alarm level of smoke density (TRACE threshold), the detector will sequentially scan the sectors using
a rotary valve to determine the source of the event. If the smoke level is then determined to exceed a
preset alarm level, the detector will signal to the host panel or other monitoring equipment after a
configurable time delay.
There will be at least four stages of Alarm: ALERT, ACTION, FIRE1 and FIRE2 and another smoke density
level, TRACE, set below the ALERT alarm level to initiate the scanning sequence. It will be possible to set
different levels for TRACE, ALERT, ACTION, FIRE1 and FIRE2 Alarm levels and delay times. The respective
relay outputs and indications can be set to latched or unlatched.
Calibration and ambient pollution compensation
Unlike traditional point detectors, background compensation or floating background compensation
algorithms within the sensor will not be accepted; particularly as real events below 0.03 %Obs/m
(0.009%Obs/ft) might otherwise be masked.
Flow Monitoring
The control unit will continuously monitor for blockages and/or disconnection of tubes on an individual
sector basis. The unit will enable the user to normalize flow readings to a nominal 100% for each sector.
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The unit will have default and configurable high and low flow thresholds and configurable delays for
each threshold.
Product specific
The housing will be constructed of a robust metal and plastic materials meeting all relevant flammability
requirements. The unit will have tamper proof screws preventing unauthorised access.
The unit will employ an in-line filter to remove dust particles from the air sample and shall enable simple
on-site filter replacement without use of any speciality tools. The HSLASD will allow closed loop
sampling whereby the exhausted air will be completely returned to the sampled area.
The unit will provide a programming facility through a display or PC based software that may also be
used for monitoring and configuration procedures.
The unit will provide an RS232 port to download all the data that is logged within the unit. It will be
possible to view and retrieve all detector and user events or trends collected over a period of time and
stored in the event log. The event log will store at least 4000 events. When equipped with a TCP/IP
module, the event log will store at least 20000 events.
Programming
The units will be programmed through a software package connecting to the RS232 port or remotely
through Ethernet or RS485.
The software will allow at least the following actions and settings:
Perform flow normalization (when the detector is not in alarm)
Set Flow Fault delay period
Set High and Low limits set for Flow Fault thresholds
Set Day sensitivity
Reset and Isolate the detector
Silence the sounder
The unit will record engineering values during manufacture and operation such as:
Software version
Sample flow through the detector
Log of flow changes
Measurements of sample flow rates for each sector
% Obscuration
Settings for a 4-20mA output module
Inputs and outputs
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The unit shall be externally powered at 24 VDC to be provided by an EN54-4 or UL1481 or ULC 527
approved power supply. There will be an Auxiliary 24 VDC output supply (fused to 1 A) for powering an
external devices.
It will be possible to remotely reset the unit by applying 24 VDC to a dedicated input.
The unit will provide an RS485 port for remote operation, as well as a RS232 connection for conducting
Test/Configuration functions and interrogation of the fault log data.
The unit will provide an Ethernet connection for connecting to a host computer. With this capability, the
unit will support remote monitoring and control of all detector functions.
The unit will provide at least 5 relay outputs reflecting ALERT, ACTION, FIRE1 and FIRE2 alarm status.
There will be a common fail-safe relay for fault signalling.
The system will support any mix of at least 2 self-declaring I/O modules. These can be of the following
types, an 8-channel 4-20mA-output module, or a 4-way SPDT relay module.
The 8-channel 4-20mA-output module will have a minimum 16-bit resolution.
Display
The display board will enable the following user functions as a minimum:
ACCEPT – Switches the internal sounder off and acknowledges all current alarm states while leaving all
other warning mechanisms to continue unchanged. New alarm events will cause the sounder to revert
to continuous operation.
SOUNDER SILENCE – Switches the internal sounder off until one or more new alarm events occur.
RESET – Clears all latched alarms and faults. Current Alarms or Faults will remain.
ISOLATE – Disables alarm relays so that Alarm and/or Fault conditions will not be reported back to the
Host Panel. It is intended for use when diagnosing faults, testing new installations etc.
TEST – Scrolls through date, time and performs a LED test where all LED segments are illuminated.
Control and configuration buttons – Enables all local user-interface operations, which are also accessible
a software package.
The display board will have the following indicators as a minimum:
SAMPLE, ALARM and FAULT indicators for each sector.
POWER – Power supply is ON
GENERAL FAULT – Detector has one or more faults. Individual faults will also be shown by specific fault
indicators. The FAULT relay contacts will follow the state of this indicator.
GENERAL FAULT (flash on/off) – Detector EEPROM is faulty.
PROCESSOR RESET – Processor has been reset
FLOW FAULT – Flow rate for any sector is outside the bounds set by the High and Low flow limits.
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ASPIRATION FAULT – Rotary valve is faulty.
DETECTOR FAULT – Laser smoke detector has developed a fault
COMMUNICATION FAULT – Part of the internal RS485 communication link is faulty.
HOLD – Unit has been set to sample from only one sector.
UNLOCK – An access code has been entered and some functions for the detector are now enabled.
ALERT, ACTION, FIRE 1 and FIRE 2 – A smoke density exceeding the respective alarm level has been
detected. The alarm LEDs will operate in tandem with corresponding relays on the I/O board to indicate
progressive levels of smoke. They will be programmable for both obscuration level and time delay.
Status display – Display for the smoke density value and all SETUP and CONFIGURE procedures.
Indication of the sector that is currently being monitored.
Environmental
The units will have an IP30 rating and operate at an ambient temperature range of at least 0°C to 39°C
(32 to 103 °F) at a relative humidity of 10-95% RH (non-condensing). The detector will be tested to a
temperature range of -10°C to 55°C (14 to 131 °F) and be able to sample air with a temperature ranging
from -20°C to 60°C (4 to 140 °F). Product UL listed for use from 0 °C to 38 °C (32 °F to 100 °F).
Accessories
All tube, accessories and fittings will be supplied by the same manufacturer to guarantee optimum
fitting.
Remote displays
It will be possible to connect one Remote Display to each unit, and the Remote Display will mimic all
control functions of the main unit.
Pipe Modeling Software
The system shall have adequate software to determine transport times for each sampling point.
End of Specification
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Appendix I: MSM-KD Pull Station

206

207

Appendix J: Exceder Horn/Strobe Notification Appliances
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